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A B S T R A C T
The present study was conducted to evaluate the level of 
contamination of certain foodstuffs in UAE. The prime objective being 
to present documented data to the local authorities to help in drafting 
some regulatory measures to reduce the incidence of aflatoxicosis.
In the present study a contribution has been made in the area of 
suitable media for growth and toxin production. Anwar medium (ANM) is 
a newly developed medium by author. It is simple, easy to prepare and 
the basal substrate, which is rice is available in this region. The 
medium has the ability to give a higher recovery for A^ flavus, 
A. parasiticus and other moulds at 37 °C than AFPA. The 37 °C incubation 
temperature which has been used throughout this study is the optimum 
temperature employed by all laboratories in t h i s  region.
The survey which has been conducted on contamination of food­
stuffs in UAE market has revealed that rice, the staple food, was found 
to have an average aflatoxin contamination of 0.9 - 3.06 ng/g. Sane 
indigenous foods such as Kisra and Anjeira had aflatoxin levels 
ranging fran 7.85 - 8.28 ng/g. These two products are used by a large 
community in UAE and by more than 70 million persons world wide.
The three types of milk, human, cow and camel have shown 
interesting results. The pasteurised fresh milk collected from the 
local market had aflatoxin levels ranging from 24 pg/ml to 79 pg/ml. 
This could be attributed to the quality of the imported feeds. The 
local authorities have not yet passed any regulation governing the 
level of aflatoxin contamination.
Camel milk, which is very popular in this part of the world, has 
been observed to contain aflatoxin. Camels which depend on natural out 
door grazing have shown the lowest levels of aflatoxin contamination 
compared with those which were kept indoors and fed cn processed fodder. 
The highest level of aflatoxin contamination recorded in camel's milk 
was 60 pg/ml, this level is relatively lower than that of cow's milk. 
This could be due to the antimicrobiCtL and long preserving properties 
of the milk. Human breast milk, collected from donors of different 
nationalities has also been studied.
It could be concluded from the present data that the level of 
contamination with aflatoxin has a direct relationship with the type 
of diet and food habits. Diets having high quantities of rice, Kisra & 
nuts are quite likely to have high levels of aflatoxin.
The data presented in this study about human breast milk is 
expected to draw the awareness of the local authorities, nutritionists, 
food control institutions to the implication of this problem and the 
necessity for regulartory measures as step to reduce the incidence of 
aflatoxicosis in our community.
Three different methods for the assay of aflatoxin in foodstuffs 
were employed. TLC as a standard manual procedure, Velasco as 
a semi-manual method and HPLC as a fully automated technique have been 
used in parallel throughout this study.
The sensitivity of HPLC is about 0.01 while the sensitivity of 
other two methods is 0.1 and 1 ng/ml respectively. The extraction 
method used with HPLC has shown the aflatoxin recovery
(i.e. .-!%), whereas those used with Velasco and TIC have shown + % - 
% level of recovery of aflatoxin. It is clear that the three methods 
of extraction resulted in 4T% - $4% loss in the total amount of 
aflatoxin. These finding might draw the attention of chemists who 
might suggest some modification to reduce losses occurring during 
extraction.
R E C O M M E N D A T I O N S
The author recommends the following:
1. In depth study on human breast milk for the presence of 
aflatoxin. The study must include places, nationalities 
lactation, age, diet and food habits.
2. Drafting regulations for aflatoxin contamination on all 
foodstuffs.
3. In depth study on camel milk and correlation between the 
high fat content of the milk, antimicrobial property and 
presence of aflatoxin.
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Figure 1 Primary and Secondary mycotoxicosis 3
1. G E N E R A L I N T R O D U C T I O N
11.1 Mycotoxins
Mycotoxins are a very diverse group of compounds 
produced by a taxonomically wide range of filamentous fungi, 
and showing a diverse range of toxic effects :
(a) Lethal effect (antibiotic c n  micro-organism)
(b) Biological effect (inhibitory effect).
During the ninth and tenth centuries, there were 
vigorous description of limb rotting from a disease now known 
to be associated with the consumption of cereals, particularly 
rye, contaminated with the plant pathogenic fungus Claviceps 
purpurea and most cereal grasses may be affected under 
particular conditions (Goodman Sc Gilman, 1955).
Claviceps a purpurea may also produce hallucinogenic 
metabolites such as lysergic acid (Jawetz, et al., 1976). 
Fungal toxins can cause acute or chronic damage in animal or 
man, such as in acute mushroom poisoning which is caused by 
the ingestion of some types of mushroom, the toxins of 
Claviceps 0 purpurea (ergot, a parasite of rye) and the 
aflatoxins. A number of toxins may produce chronic damage to 
the liver or bone-marrow and neoplasm in animals may also be 
induced, (e.g. aflatoxin frcm Aspergillus ^  flavus, (Jawetz, 
et al., 1976).
1. GENERAL INTRODUCTION
2Many species of moulds are saprophytic and are able to grow on 
food, animal feeds or raw materials.
There are several routes by which mycotoxins can reach 
the human food chain, either causing primary mycotoxicoses by 
direct consumption of moulded food e.g. vegetable products by 
the consumer or by consumption of moulded feedstuffs by farm 
animals.
Secondary mycotoxicosis fron moulded feed to farm 
animals which may consume the toxins resulting in them being 
bound in flesh e.g. meat or secreted in milk and then passed 
on to the consumer (Fig.l).
The occurrence of mycotoxins in foodstuffs depends on 
their formation by specific strains of fungi and is influenced 
by environmental factors such as humidity and temperature and 
may vary with geographical conditions, production and storage 
methods and also with the type of food. Seme food products 
are more suitable for fungal growth than others, it is still 
not possible to generalise about the health risks associated 
with different types of mycotoxins. However, aflatoxin has 
been more extensively documented because there is epidemiolo­
gical evidence associating health effects in man with exposure 
to aflatoxin.
3F i g  1  s h o w in g  t h e  p r i m a r y  a n d  s e c o n d a r y  t e y c o t o x i c o s i s  
__________________________ S m i t h  & M o s s  ( 1 9 8 5 ) _______________________
Plant product
Fungal product
NK
Mycotoxin formation
Consumption by man 
or farm animal
Consumption by 
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Binding in tissue
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\J/ si/ sK
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41.1.1 Ochratoxin : natural contamination has been reported in
temperate regions in barley, maize, wheat, oats and dried 
beans. Although a causal relationship has not been proven, 
it has been suggested that this toxic compound may be
associated with Balkan endemic nephropathy in man, and there 
seems little doubt that it is associated with porcine nephro­
pathy in Denmark (Krogh, 1976). Ochratoxin has been obtained%L
from A . o c h r a c e u s  & P .  v i q & i c a t u m , (Krogh, 1976) and has been 
found in a variety of foodstuffs (Stoloff, 1976), (Table. 1). 
A concentration of 110-150 mg/kg of ochratoxin A was reported 
in one sample of maize included in a survey of 283 samples 
frcm commercial markets in the U.S.A (Shotwell e t  a l . , 1969).
1 . 1 . 2  C i t r i n i n  : is produced by several species of P e n i c i l l i u m ,
P .  c i t r i n u m  (Stoloff, 1 9 7 6 ) ,  JP. v i r i d i c a t u m  and P .  e x p a n s u m , 
(Table.l). It has been detected in barley, wheat, oats and
rye and produces nephrosis and deranges water reabsorption 
in the kidneys of mice (Sakai, 1 9 5 5 ) .
1.1.3 P a t u l i n  : is produced by species of P e n i c i l l i u m , A s p e r g i l l u s  
and P a e c i l c m y c e s . It is a pyrone derivative. Spector (1957) 
reported that patulin is toxic to animals and it has been 
detected in apples and pears. I?, e x p a n s u m  is a ccmrron storage 
rot organism in apples, (Stott & Bullerman, 1975), (Table.l).
51.1.4 Zearalenone : which is commonly found in temperate regions, 
especially after seasons of cool, rainy weather, has been 
detected in maize, sorghum, barley, wheat and products derived 
from these commodities. In 1972 when conditions in U.S.A. 
were conducive to Pusarium ear-rot, zearalenone was found in 
17% of 223 samples of maize at levels ranging from 0.1 to 
5.0 mg/kg (Eppley et al., 1974).
Cases of reduced fertility in cattle indicated by an 
increase in artificial insemination have been reported to be 
associated with a feed content of zearalenone of 14 mg/kg 
(Mirocha etal*/ 1967), (Table .1). In Africa, zearalenones 
have been found in a limited number of maize products destined 
for human consumption, the level of exposure is 400 times 
lower than the lowest single dose causing an effect in tests 
on monkeys (Hobson et al., 1977).
1.1.5 Trichothecenes : a large family of compounds associated with 
cereal grains, straw and hay grown in temperate climates 
with low winter temperature. Some members of this family 
are almost certainly associated with alimentary toxic 
aleukia (ATA) in man and a wide range of symptoms including 
haemorrhage in many other animals. They have been isolated
6frcm strains of Fusarium species, mainly F. espisphaeria, 
F. nivale, F. roseum and F. sporotrichioides (Table. 1).
T-2 toxin, nivalenol, deoxynivalenol and diacetoxyscirpenol, 
are sane of the trichothecenes which have been chemically 
characterised. Alimentary toxic aleukia which occurred during 
famines in part of the Soviet Union during 1942-1947, has 
been recorded in Russia from time to time since the nineteenth 
century.
The consumption of badly moulded cereals leads first to 
a discomfort of mouth, throat and stomach allowed by inflamrnair 
tion of the intestinal mucosa. Damage to the bone marrow and 
haematopoietic tissue occurred followed by anaemia and a drop 
in erythrocyte and platelet counts, blood capillary walls
e
became weakjied and haemorrhaging frequent. The area which was 
affected by the toxins becomes necrotic and the dead tissues 
become infected with bacteria. The trichothecenes are 
immunosuppressive so the body defences against general 
bacterial and viral infection are weakened and continued 
ingestion of toxic food would lead to death (Joffe, 1983).
The biological effect of most mycotoxins mainly occur 
through specific organs or tissues and consequently mycotoxins 
can be classified as hepatotoxins, nephrotoxins, neurotoxins 
or dermatotoxins. While a mycotoxin may cause primary lesions
7Table 1. Showing caramon fungi, their secondary metabolites and 
usual substrates
Myootoxins Fungi which are produced Common Substract
1. Af latoxins
B, G & M
A. flavus & A. parasiticus 
(Diener & Davis, 1969) 
Kiermeier et al., 1973)
Cereal Sc Cereal 
products.
Peanut Sc Peanut 
products. 
Various food 
Milk and milk 
products.
2. Ochratoxin A. ochraceus (Stoloff, 1976)
P. viridicatum
grain, com, 
peanut Sc cereals.
3. Zearalenone F. graminearurrt (Mirocha et al.,
1967).
Maize, Barley 
Sc Groundnuts.
4. Sterig- A. versicolor (Holzapfel et al., Cattle feeds,
matocystin
1966).
A. nidulans (Lillehoj Sc Ceiegler, Barley, grain
1968) mouldy stored rice
Sc com.
8Table 1. (continued)
5. Citrinin P. viridicatum (Jordan & carl ton,
1977)
P. citrinum (Shinohara et al, 1976)
Patulin P. expansum (Stott & Bullerman 
P. patulum 1975)
Penicillic
acid
P. thcmii (Ciegler & Kurtzman, 
P. puberulum 1970)
8 . Rubratoxin P. purpurogenum
(Moss et al., 1969)
9. Ergot Alka- Claviceps purpurea (Stoll &
loids A. fumigatus Hofman, 1965)
10. T2 Toxin F. sporotrichioides 
(Bamburg et al., 1968) 
(Mirocha & Pathre, 1973)
1 1 . Nivalenol F. sporotrichioides
Barley, Wheat,
Rye, Oats, Peanuts, 
C om & Rice.
Apple Juice 
Corn & Cereals
Grain, Com,
Peanut, Bran 
Sun Flower Seed.
Grain, Rye, Oats
& Wheat.
Corn
Wheat Sc Rice
(Tatsuno et al., 1969)
9in a target organ, damage to other tissues may also occur 
(Smith & Moss, 1985). Mycotoxins in general should be viewed 
as a potential threat to food and foodstuffs throughout the 
World, but aflatoxins which are the subject of this study 
have a special significance in the tropical and sub-tropical 
part of the World.
1.2 Aflatoxin
1.2.1 History
Loss of 100,000 turkeys in England in 1960 was 
attributed to a disease called "Turkey X" and within a short 
time outbreaks of a similar condition occurred in ducklings 
and young pheasants. Simultaneous investigations by Blount 
(1961) and Asplin & Camaghan (1961) showed that the common 
factors were the presence of Brazilian groundnut meal in the 
food and the appearance of certain liver lesions in poults and 
ducklings.
Speculation during 1960 regarding the nature of the 
toxic factor included the suggestion that the disease might be 
due to a toxin produced by a fungus.
10
Austwick (1960), while he was conducting his microscopic 
examination of a sample of toxic Brazilian groundnut meal, 
noted that pieces of the groundnut cotyledon tissue contained 
fungal hyphae.
Sargent e t  a l . ,  (1969) demonstrated that the common mould 
A s p e r g i l l u s  > f l a v u s  produced the toxic factor when grown on 
sterile non-toxic nuts, and the toxic factor was given the 
name of "Aflatoxin" (interdepartmental working party on 
groundnut Toxicity Research, 1962).
The discovery of aflatoxin was made by workers in the 
sixties at the Tropical products Institute (London) and 
Central Veterinary Laboratory at Weybridge (Surrey- England).
Asplin & Camaghan (1961) found that contaminated peanut 
meal was highly toxic to poults and ducklings with symptoms 
typical of turkey X disease.
Ducklings are more susceptible than other birds and the 
hepatic lesions developed very rapidly. Proliferation of 
bile-duct epithelial cells was clearly visible within a few 
days of ingestion of toxic meal and this sensitivity to 
aflatoxin injury, led to the use of ducklings for the 
bioassay of aflatoxins.
11
Butler (1964) reported that acute bile-duct proliferation 
reaches a maximum in 3 days, and then regresses with 
subsequent repair of liver parenchyma.
Rainbow trout are known to be susceptible to hepatic carcinoma 
(Wood and Larson, 1961).
Wolf & Jackson (1963) found that cotton seed meal 
induced hepatomas in rainbow trout and suggested that a 
carcinogen was present in the meal. Ashley et a l . ,  (1965) 
found that one of five samples of cottonseed meal contained 
300 ppb aflatoxin, and all trout fed fat extracted frcm 
this cottonseed meal showed typical liver cell neoplasms in 
5 months. Aflatoxin in a cell free system can directly react 
with ENA and inhibit the synthesis of ENA and RNA. Aflatoxin 
is now known to be a potent hepatocarcinogen for several 
animal species (Wogan, 1966, 1973, 1977).
1 . 2 . 2  S t r u c t u r e  o f  A f l a t o x i n
The aflatoxins are a group of acutely toxic and highly 
carcinogenic mould metabolites produced by A s p e r g i l l u s . f l a v u s  
and A . p a r a s i t i c u s . Although 17 compounds which are directly
related to aflatoxin have been isolated, the term aflatoxin 
usually refers to 4 compounds with the bisfurano coumarin 
structure which are frequently isolated from natural sources 
and are referred to as aflatoxins Bq, B2, Gq and G2 (Fig.2).
12
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The major toxin, aflatoxin Bq, exhibits blue fluorescence under 
ultraviolet light at 365 nm, and has the empirical composition 
c17 H12 06*
Aflatoxin B2 , a minor toxin having a similar blue 
fluorescence and slightly lower Rf (Van der Merwe, et al.,
1963), is dihydro aflatoxin Bq. Aflatoxin G2 is similar to Bq
(Asao, etal*/ 1965) but has a yellow-green fluorescence, and 
analytical composition C17 H12 O7 . Aflatoxin Gq is the dihydro 
derivative of aflatoxin Gq (Van der Merve, et al •, 1963).
Aflatoxins as pure dry substances are very stable at
high temperatures. However, they are unstable when exposed to 
light and particularly to ultraviolet radiation and especially 
when dissolved in highly polar solvents. The lactone ring in 
the aflatoxin molecule makes them susceptible to alkaline 
hydrolysis (De Iongh, et al., 1962).
Aflatoxins Mq and M2 (Fig.3) are the hydroxylated 
metabolites of Bq and B2 / respectively (Holzapfel, et al., 
1966). They may be secreted in milk or remain as residues in 
animal tissues, (Rodricks & Stoloff 1977).
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The sensitivity of aflatoxin M to ultraviolet light is greater 
than that of AFB and exposure to light and air may result in 
rapid destruction. This instability presents unique problems 
in the preparation of ABM standards. (Pohland, et al., 1968).
1.2.3 Development of analytical methods for Aflatoxin
Sargeant et al., (1961 a, b) first demonstrated that a 
toxic principle in mouldy peanut meal could be removed by- 
extraction with methanol, partially purified by transfer into 
chloroform, and resolved by paper chromatography as a spot 
exhibiting bluish fluorescence under long wave ultraviolet 
illumination.
Since then chemical procedures have been developed for the 
detection and determination of aflatoxin but the basic steps 
remain: -
1) Extraction
2) Partition
3) Separation of toxin
4) Coupled with their inherent fluorescence properties 
(detection) on thin layer plates
5) Confirmation
6 ) Quantitation
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Different procedures for the determination of aflatoxins have 
been published and all are comprised of these 6 steps 
depending on the nature of the commodity. Aflatoxins are 
extracted by using different organic solvents such as 
chloroform, acetonitrile, methanol, acetone and ethylacetate 
or combinations with acid or water with or without pre­
extraction with lipophilic solvents such as hexane and 
petroleum spirit to remove pigments and to prevent the 
interference of lipid components.
(A) Thin layer Chromatography
The extract is combined with chloroform to purify the 
toxin, the concentrated chloroform solution is detected after 
separation on thin layer chromatography plates. Broadbent 
et al., (1963) replaced methanol by chloroform, Lee (1965) 
showed that the addition of water during extraction with 
chloroform resulted in more effective removal of aflatoxin. 
Epply (1966) adapted the combination of liquid-liquid 
extraction techniques which is known as the contaminated 
branch (CB) method which was adopted by AQAC as the official 
first action method. , (Horwitz et al., 1975). The technique 
involves mixing the sample with water and the mixture 
extracted with chloroform, the lipids and aflatoxin are 
transferred to a silica gel column where the lipids are eluted 
with hexane, finally the aflatoxins are eluted frcm the column 
with 3% methanol in chloroform.
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Because (CB) method is time consuming, Waltking, et al., (1968) 
proposed a separation funnel, for liquid-liquid partition 
instead of the silicagel column in order to speed up the
technique of separating the solids.
T h u s  t h e  B e s t  - & o d $ (B F )  m e t h o d  w a s  d e v e l o p e d ,  t h e  s a m p le  
e x t r a c t e d  a n d  d e f a t t e d  w i t h  m e t h a n o l  h e x a n e ,  t h e  a f l a t o x i n  i s  
p a r t i t i o n e d  f r o m  t h e  a q u e o u s  p h a s e  i n t o  c h l o r o f o r m .
CB & BF were found to be equivalent in accuracy and
precision with recovery of about 70% of aflatoxin at levels
down to about 20jJg/Kg. (Waltking, 1970) other methods are 
modified from these two main methods for various products.
Milk and milk products require a far greater sensitivity for 
the determination of aflatoxin Mq Sc M2 because these aflatoxins
Comparisons were employed for AOAC method I (Stubblefield 
Sc Shotwell, 1979) and method II which was adopted as the 
official method (1980). Both methods which are based on a 
TLC technique have shown close agreement in the mean for the 
determination of AFM in milk. However, the co-efficient of 
variation experienced by laboratories using AOAC II was twice 
that in those using AOAC I (Freisen Sc Garren, 1982).
are usually found
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(B )  (HPLC -  H i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y )
T h i s  i s  t h e  m e t h o d  o f  c h o i c e  f o r  m a n y  m y c o t o x i n  
a n a l y s e s  b e c a u s e  o f  i t s  s e n s i t i v i t y  a n d  im p r o v e d  a c c u r a c y ,  
i t  i s  m o r e  r e p r o d u c i b l e  f o r  q u a n t i t a t i o n  t h a n  t h e  TLC m e t h o d  
( F r i e s e n  & G a r r e n ,  1 9 8 2 ) .
V a r i o u s  e x c e l l e n t  HPLC p r o c e d u r e s  h a v e  b e e n  d e s c r i b e d  
b y  H o r w i t z  ( 1 9 8 0 )  a n d  N e l s o n  e t  a l . ,  ( 1 9 8 0 ) .
T h e  t e c h n i q u e  o f  HPLC i n c l u d e s  t h e  s e p a r a t i o n  o f  t h e  v a r i o u s  
c o n s t i t u e n t s  o f  a  s a m p le  b e t w e e n  t w o  p h a s e s ,  m o b i l e  l i q u i d  a n d  
s t a t i o n a r y  l i q u i d  o r  s o l i d .  HPLC t e c h n i q u e s  h a v e  p r o v e d  a  
g o o d  a l t e r n a t i v e  t o  TLC , e s p e c i a l l y  w h e r e  e x t r e m e l y  l o w  l e v e l s  
o f  t h e  m y c o t o x i n  ( a s  l o w  a s  1  p p b )  a r e  t o  b e  d e t e c t e d  e . g .  
a f l a t o x i n  i n  m i l k  a n d  m i l k  p r o d u c t s ,  a n d  h a s  b e e n  a d o p t e d  a s  
t h e  o f f i c i a l  f i r s t  a c t i o n  ( S t u b b l e f i e l d  e t  a l . ,  1 9 8 6 ) .
( c )  A  M i n i - c o l u m n  t e c h n i q u e  h a s  b e e n  u s e d  i n  f a c t o r y  o r  f i e l d  
s i t u a t i o n s  f o r  r a p i d  s c r e e n i n g .  T h e  d e t e c t i o n  l i m i t  a c h i e v e d  
b y  m i n i - c o l u m n  m a y  b e  a s  l o w  a s  5  p p b .
T h e  V e l a s c o  m i n i - c o l u m n  c o n s i s t s  o f  a  g l a s s  t u b e  w i t h  a  
g l a s s - w o o l  p l u g g  a t  t h e  b a s e  c o v e r e d  s e q u e n t i a l l y  w i t h  
l a y e r s  o f  s a n d ,  f l o r i s i l ,  s a n d ,  s i l i c a - g e l  a n d  f i n a l l y  a  l a y e r  
o f  n e u t r a l  a l u m i n a  w h i c h  s h o u l d  r e m o v e  a l l  i m p u r i t i e s  p r e s e n t  
i n  t h e  s a m p l e s .
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(D )  B i o l o g i c a l  a s s a y s  h a v e  b e e n  u s e d  t o  t e s t  t h e  e f f e c t  o f  
t o x i n  o n  l i v i n g  s y s t e m s  a s  a  m e a n s  o f  o b t a i n i n g  e v i d e n c e  o f  
t o x i c  p r o p e r t i e s .  T h e  t e c h n i q u e  o f  t h e s e  a s s a y s  i s  b y  
i n t r o d u c i n g  t h e  t o x i c  s a m p l e s  b y  p l a s t i c  t u b e  o r  i n j e c t e d  i n t o  
t h e  a n i m a l  b o d y .  B i o - a s s a y  t e c h n i q u e s  a r e  n o t  s u i t a b l e  f o r  
r o u t i n e  s c r e e n i n g  p u r p o s e s .
(E )  Inxnuno a s s a y  p r o c e d u r e s  p r o v i d e  m o r e  s p e c i f i c  m e t h o d s  f o r  
t h e  d e t e c t i o n  o f  m y c o t o x i n s , t h e y  i n c l u d e  t h e  r a d i o  in u iu n o  
a s s a y  ( R IA ) a n d  e n z y m e  l i n k e d  im n u n o  a s s a y  ( E L I S A ) .
I m m u n o l o g i c a l  r e s p o n s e s  o c c u r  W hen f o r e i g n  m a c r o m o -  
l e c u l e s  e n t e r  t h e  b o d y  w i t h  t h e  f o r m a t i o n  o f  s p e c i f i c  
a n t i b o d i e s .  M y c o t o x i n s  a r e  r e l a t i v e l y  s m a l l  m o l e c u l e s  a n d  d o  
n o t  e l i c i t  t h e  f o r m a t i o n  o f  a n t i b o d i e s  u n l e s s  t h e y  a r e  l i n k e d  
t o  a  m a c r o - m o l e c u l e s  s u c h  a s  s e r u m  g l o b u l i n .
T h e  m y c o t o x i n  g l o b u l i n  c c t n p le x  i s  t h e n  u s e d  t o  r a i s e  
a n t i b o d i e s  s p e c i f i c  t o  t h e  m y c o t o x i n .
T h e  E L IS A  m e t h o d  d o e s  n o t  r e q u i r e  s o p h i s t i c a t e d  e q u ip m e n t  o r  
r a d i o  a c t i v e  r e a g e n t s  a n d  i t  i s  v e r y  s e n s i t i v e  a s  a  s c r e e n i n g  
p r o c e d u r e .
H i g h e r  l e v e l s  o f  a p p a r e n t  a f l a t o x i n  c o n t a m i n a t i o n  o f  
m i l k  h a v e  b e e n  o b t a i n e d  b y  t h e  E L IS A  p r o c e d u r e  w h e n  c o m p a r e d  
t o  s o l v e n t  e x t r a c t i o n  TLC m e t h o d s  (J a c k m a n , 1 9 8 4 ) .
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1.2.4 Aspergillus Flavus/Parasiticus
The Producing Organism
In 1 9 6 1  Aspergillus flavus, one of the most conraon 
fungal contaminants of cereal grains and oil seeds in tropical 
and subtropical climates, was linked to toxicity problems in 
several live stock species. The mycotoxins which were 
produced by Aspergillus flavus were termed aflatoxins (Nesbitt 
& Sargent, 1 9 6 2 ) .  They found that the toxin producing fungus 
could be isolated from groundnut kernels (Sargent et al., 
1 9 6 1 ) .  The fungus was identified at the C .  M . I  ( n a y
1«H* Ii) -Kew (Surrey) as Aspergillus flavus.
For several years, the name A. flavus has been used in a
collective sense for various isolates, strains and species of
the A. flavus group, as described by Raper & Fennell (1965)
«
which includes A. parasiticus, A. tamaril, A. oryzae, A. flavus 
var. columnaris, A. parasiticus var. globosus as well as 
A. flavus itself. Austwick & Ayerst (1963) found that only 
A. flavus & A. parasiticus were capable of producing aflatoxin. 
Kulik & Holaday (1967) reported that three out of nine isolates 
°T niger produced aflatoxin Bif they also reported that
A. wentii and A. ruber also produced aflatoxin when cultured 
on shredded wheat.
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Van Walbeek et al., (1968) reported that A. odhraceus also 
produced aflatoxin. These latter reports have not been 
confirmed and it is still the case that oily A. flavus and 
A. parasiticus are known to produce aflatoxins.
Isolates of A. flavus and A. parasiticus varied in their 
capacity to produce each of the different aflatoxins. Seme 
isolates of A. flavus produced only aflatoxin B 
ccmponent, some only G, but the majority produce both B & G 
components, it was found that naturally contaminated com 
ccntaind only Bq and Bg, while naturally contaminated peanuts, 
soyabeans, c o m  and cotton seeds contained aflatoxin Bq, B2 , 
Gq and G2 (Diener, et al., 1965).
(A) Occurrence
Aspergillus species are common contaminants of various 
substrates in tropical and subtropical regions due to conducive 
conditions of humidity and temperature. Aspergillus • flavus 
Spear produces aflatoxin on cereal grains and peanut (Wilson 
et al., 1968).
Anderson et al., (1975) found Aspergillus species all 
over the world except in polar regions.
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Initially most of the detailed research on natural substrates 
involved peanuts but other agricultural commodities have since 
received more attention. It is likely that aflatoxin will 
continue to be found in foods and feedstuffs Wherever warm and 
moist weather conditions prevail. Faulty or inadequate
storage facilities and human error or ignorance combine to 
produce circumstances favourable for fungal growth.
Aflatoxin is universally distributed and has been found
on a wide range of commodities, like groundnut, cotton seed,
wheat, rice, barley, coconut, com, dried peas, sweet potato, 
millet and cassava (Diener & Davis 1969).
These products support the growth of the fungus and the
production of aflatoxin by A. flavus (Bassir & Adekunle, 
1972). Aflatoxin in peanut and cotton seed were found each 
year while in rice and sorghum, it is reported to occur every 
2 or 3 years, A. flavus was much more prevalent in peanut and 
rice than in cotton seed and sorghum, (schroeder & Boiler 
et al., 1973), however no clear reason has been reported 
to support this finding.
Aflatoxin production on Soya is not usually a problem 
and this may be due to the chelation of zinc, which is required 
for the biosynthesis of aflatoxin, by phytic acid (Verikitasu- 
bramanian, 1977).
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High levels of aflatoxin have been found in the products and 
by products which are produced frcm the extraction of edible 
oil (Abalaka, 1984). Aflatoxins, have also been found on 
pulses, walnuts, brazil nuts, pistachio and almonds. In 
pistachio the aflatoxin concentrations may approach those 
reported in cereals and legume seed (Sommer & Buchanan, 1976), 
almonds may contain high levels of AFBq & (Sdhade & King, 
1984).
(B) Conditions influencing growth and aflatoxin production
The two most important and critical factors controlling 
aflatoxin in a field crop and regulating fungal growth are 
water activity and temperature. A. flavus and A.parasiticus 
can grow readily on grain crops before harvest or in storage 
(Stoloff & Rodricks, 1977).
A. flavus is classified as a mesophilic mould on the 
basis of having a minimum moisture requirment for growth of 
aw — 0.8-0.85. The development of the mould and of toxin 
formation occur after rain or overcast humid weather or a 
regain of moisture after picking and storage of the grain. 
(Austwick Sc Ayerst, 1963; McDonald et. al. 1964).
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In starchy and oil-seed crops the lower limit was a moisture 
content of 18.3-18.5% and 9 - 10 % respectively. These 
moisture contents correspond^ to equilibrium relative humidity 
of 85% (= aw o. 85 ourS the lower limit for growth of A. flavus 
and for production of aflatoxin under controlled conditions. 
Davis & Diener (1970), demonstrated that moisture percentage 
of peanuts decreased more rapidly in inverted wind rows than 
in random wind rows.
The minimum, optimum and maximum temperatures for 
aflatoxin production of A. flavus are 6-8 °C, 36-37°C, 40-42°C 
respectively (Davis & Diener, 1970), these temperatures are 
affected by moisture j oxygen concentration, availability of 
nutrients (Semeniuk, 1954). At 30°C maximum production of 
aflatoxin was reached after 5 - 7  days, while at 20°C maximum 
aflatoxin was produced at 11 - 13 days (Diener & Davis 1966).
The maximum amount of aflatoxin produced by 
A. parasiticus occurs • between 25-30 °C with a significant 
decrease at 35 °C A. parasiticus produced more aflatoxin on 
rice under cycling temperature, at 25, 18, 15°C while A. flavus 
produced less aflatoxin under the same cycling temperature 
(Park & Bullerman 1983). Maximum growth of the two moulds 
reported in one study occurred at 33°C Which was the highest 
temperature used by Hoimquist et al., (1983). The ability to
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grow at (adativ§lj- Ksgiq temperatures is probably critical in 
many situations involving A. flavus especially the isolation 
of A. flavus frcm grain containing high populations of other 
fungi.
Temperature also controls the proportion of Bp -j-0 Qq 
produced by A. flavus, the optimum temperature for Bp ^ g
24°C (Rabi & Smalley 1965), but for G it was 30°C. Davis, 
et al., (1966) studied the influence of initial pH using 
stationary cultures on YES medium, they found little or no 
effect on aflatoxin yield although Buchanan & Ayres (1975) 
found that maximal growth occurred at an initial pH of 5.0.
(C) Media For Isolating A. flavus/parasiticus
There are numerous natural substrates which have been used to 
produce aflatoxin in high concentration.
Natural substrate usually support better production 
of aflatoxin than synthetic media and many early investigations 
with synthetic media had reported relatively low yields. The 
production of aflatoxin in these media is influenced by 
several factors? the composition of substrate, strain of the 
fungus, temperature, moisture, aeration (Oxygen and carbon- 
dioxide) length of incubation period and pH.
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(Hesseltine et al.(1966) and Park & Bullerman (1983)) reported 
that rice is an excellent substrate for aflatoxin production. 
Shotwell, et al., (1966) obtained large quantities of AFBq on
rice. Most carbohydrates support the growth of A. flavus / 
parasiticus, and at least some aflatoxin production, but 
glucose, sucrose and glycerol were the most productive carbon 
source for aflatoxin formation. Abdollahi et al., (1981) 
found that glucose is an inducer of one or more of the enzymes 
needed for aflatoxin biosynthesis. Several investigations 
found that a high carbohydrate substrate (wheat, rice) 
generally supports larger yields of aflatoxin than protein rich 
substrates such as peanut and cotton seed (Hesseltine, et al., 
1966; Shot-well et al. 1966 and Stubblefield et al. 1967).
Nesbitt et al., (1962) reported that a small amount of 
aflatoxin was produced in Czapek modified medium (CDA) at 27 °C 
incubated for 10 days, fortified with zinc sulphate (Zn SO4 ) #
Zinc is known to have a pronounced stimulatory effect on 
aflatoxin production. Glick (1971) found that rice contains 
18 to 19^pg/g zinc which may contribute to the high aflatoxin 
production on this substrate.
The source of nitrogen is also an important factor for 
general cultivation of Aspergillus and Penicillium spp.
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Codner et a l . (1963) and Shroeder (1966) have reported that the 
addition of com steep liquor promotes aflatoxin production. 
When 0.05% of com steep liquor was substituted as nitrogen 
source for sodium nitrate (Na NO3 ) in Czapek Dox Agar 
A . f l a v u s  and A . p a r a s i t i c u s  produced diffusing fluorescent 
substances. When nitrogen is supplied as inorganic ammonium 
salt, no fluorescent substances were produced.
Aflatoxin producing ability medium (APA) which was 
developed by Hara e t  a l . , (1974) showed intense blue 
fluorescence after incubation at 28°C for 10 days in glass 
petri-dishes. Yeast extract sucrose medium (YES), which was 
described by Papa (1977) and contains 2% yeast extract and 20% 
sucrose, was found to support the production of significant 
concentrations of aflatoxin (Floyd e t  a l . 1982). The presence 
of yeast extract stimulates the production of aflatoxin 
(Davis e t  a l . ,  1966). Pitt e t  a l . , (1983) produced a modifi­
cation of the A s p e r g i l l u s  Differential Medium (ADM) which 
had been described by Bothast & Fennell (1974) for the 
identification and enumeration of A . f l a v u s . The new medium 
A . f l a v u s  /  p a r a s i t i c u s  / Agar (AFPA) produces orange yellow 
reverse pigmentation in colonies of these moulds after 2 days 
incubation at 30 °C.
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There are many other excellent media Which have been 
reported for rapid growth and detection of moulds and which 
are usually supplemented with m e  or more antibiotics to 
suppress the growth of bacteria. Rose Bengal chloramphenicol 
Agar is such a selective medium for the enumeration of yeasts 
and moulds, it has a neutral pH and chloramphenicol is used 
to suppress the growth of bacteria (Jarvis, 1973). TWomey & 
Mackie (1985) designed a new Apple Pulp Gelatine (APG) for 
Penicillium and Aspergillus spp, this medium has proved 
successful in the detection of a limited range of organisms? 
all the ingredients of this medium are natural and large 
colony diameters are obtained within 24 hours of incubation 
at 25 °C with no significant difference in the size of colony 
after 48 hours.
1.2.5 Toxicology of Aflatoxin
The most important and potent aflatoxin is AFBq Which 
is known to be highly hepatotoxic and hepatocarcinogenic 
in many species and possibly in man, (Gamer, 1974? Obidoa, 
1979). Aflatoxin Bq can function as a potent acute toxin, a 
carcinogen, a teratogen and a mutagen (Steyn et al, 1980). 
This compound is metabolised by the liver in a number of 
different ways depending on animal species. These toxins but 
especially AEBq have been reported to supress growth rate and 
feed conversion efficiency and to cause an increase in the 
mortality of animals, (Wogan, 1966? Smith & Hamilton, 1970).
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However, when consumed in smaller doses, they affect the liver 
and also impair immunity, which ultimately leads to increased 
susceptibility of animals to various infectious disease (Pier 
et a l . , 1980). The carcinogenicity of AFMq was shown to be one 
third of AFBq (Sinrihuber et al. 1974), it is less carcinogenic 
and less toxic than the parent compounds (Campbell & Hayes, 
1976).
1 . 2 . 6  N a t u r a l  O c c u r e n c e  i n  D i f f e r e n t  P a r t s  o f  t h e  W o r ld
The data .from six countries namely UK, USA, Holland, 
South Africa, India and Israel has shown that of about 1 3 9 0  
isolates of the A . f l a v u s  group, approximately 60% produced 
some aflatoxin. The amount of aflatoxin varies because it 
depends on the available substrate and climatic conditions 
prevailing, (Diener & Davis, 1 9 6 9 ) .
The invasion of A. f l a v u s  in peanuts happens very 
rapidly after the crop is harvested. Drying is applied when 
nuts are shelled and the immediate post harvest period is 
the "high hazard" time for aflatoxin production.
Petti e t a l . ,  ( 1 9 7 1 )  reported that groundnut produced 
more aflatoxin under drought conditions than under irrigation, 
because the aspergilli are able to invade drought stressed 
plants more readily than healthy irrigated plants.
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Surveys in U.S.A of more than 1500 samples of maize revealed 
that 2% - 3% of the samples contained aflatoxin (B & G ) in 
the range of 3 - 37 ppb. (Shotwell et al., 1970).
A high frequency of aflatoxin contamination was also 
found in maize in the field in U.S.A (Lillehoj et al., 1976).
In more than 3000 samples of cottonseed meal in USA in three 
successive crop years (1964-67), aflatoxin Bq was detected in
6.5 - 8 .8% (Stoloff, 1976). Aflatoxin Bq levels ranging frcm 
2x10^ to 3x10^ ppb in cottonseeds frcm individual lots 
indicated the potential hazard which might occur.
Stoloff (1976), reported that 88% of 72 samples of 
copra (Malay koppara) meal imported into the U.S.A were found 
to contain aflatoxin in amounts ranging frcm traces to 30 ppb.
Schade & King (1984) reported that high levels of aflatoxin Bq
and B2 ranging frcm 1.0 x 10  ^to 2.5 x 106 ppb were found in 
abnond (L. amygdala) especially those which fluoresced violet 
purple under long wave UV light.
The highest level of aflatoxin in poor quality pistachio 
(Pistachio vera) nuts of 4x104 to 2.5xlo5 was reported in USA.
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Even nuts Which appeared sound contained high levels ranging 
frcm 26 to a high of 1.16 x 10* PPb (Scanner e t al. (1976). 
According to Stoloff (1976) the edible beans found in U.S.A 
markets have shown no significant contamination of aflatoxin. 
According to the Environmental Health Criteria (1979), ground­
nut feed inported into Denmark was found to contain aflatoxin 
in 86.5% of 52 samples.
An extremely high level of about 3.5 x 10^ PPb was 
reported in a single sample of groundnut imported into Europe 
for feed. In Australia the first reported case of avian 
aflatoxicosis, (Cordiner & Oldroyd 1965) involved the feeding 
of peanut meals which contained a high concentration of 
aflatoxin. These amounts of aflatoxin in the form of residues 
caused carcinoma in birds (van Zytveld, et al., 1970).
Tripathi (1973), reported that heavily infected sorghum, 
which is an important staple crop in India, was contaminated 
with aflatoxins Bp, B2 , Gp and G2 . Krishnamacharie et al.
(1975a,b) found heavy contamination with aflatoxin in house­
hold maize, locally grown and badly stored. The level of AFBp
ranged frcm 0.25 ppm to 15.6 ppm.
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In Sudan 16% of 173 sanples of groundnut were found to contain 
more than 250 ppb and 9 samples to contain more than 1000 ppb 
(Habish e t  a l , 1971) . In 400 samples of rice in Africa less 
than 2% were found to contain aflatoxin (shank e t  a l . ,  1 9 7 2 ) .  
AFB w a s  f o u n d  i n  m i x e d  p o u l t r y  f e e d  i n  I r a q  r a n g i n g  f r c m
0 . 2  t o  4 0  p p b  (N o u r  e t  a l . , 1983). In Egypt Metwally et a l . , 
(1983) reported that samples of cheese, yoghurt & bread were 
found to contain 5 ppb of AFBi. stoloff, (1976) reported that 
the incidence of aflatoxin in Thailand, Uganda and Philippines 
in maize was found to be 35, 40 and 97% respectively.
One of the highest aflatoxin levels of 8600 ppb was 
reported by Campbell & Salamat (1971) in groundnut butter in 
Philipines.
In Vietnam, Lucas etal., (1970-1971) reported that 31% frcm 
139 samples of rice were found to be positive for aflatoxin.
In Thailand the average level of aflatoxin in groundnut 
in the market was 1530 ppb (Shank et al., 1972 a). They 
reported also an appreciable contamination of edible beans 
with aflatoxin in Thailand.
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in Zaire in sweet potatoes, groundnuts and dried cassava of
17, 8 and 6 ppm respectively.
1 . 3  A f l a t o x i n  i n  F o o d  a n d  A n im a l  F e e d s  i n  t h e  U . A . E .
1 . 3 . 1  C l i m a t e  o f  U . A . E
The United Arab Emirates is formed of 7 Emirates namely 
Abu Dhabi, Dubai, Sharjah, Ajman, Ras Al Khaimah, Fujeirah and 
Umm Al Quwain (Fig.4).
U.A.E is situated on the Arabian Gulf except Fujeirah 
which is situated along the Gulf of Oman Coast. Maritime 
desert climates occur in the same latitude belts as the 
hot-dry desert climate where the sea adjoins a large land 
mass. These are regarded to be amongst the most unfavourable 
climates of the earth.
Abu Dhabi is located at a latitude of approx 25° North 
(Fig.5). The average temperature in summer is 35°C to 40°C 
and peaks of up to 48°C may occur along the Gulf Coast. It is 
humid especially in Dubai. The temperature is higher along the 
eastern Coast of the Gulf of Oman.
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The climatic condition of U.A.E., especially the high mean 
temperature in hot seasons of 40°C in August and 24°C in 
cooler seasons in January, and the elevated prevailing 
humidity all through the year with a mean of 70 - 80%, provide 
favourable conditions for mould contamination especially by 
toxin producing fungi.
1.3.2 A g r i c u l t u r e  a n d  F o o d  P r o d u c t i o n  i n  U . A . E .
U.A.E has a small number of farms for vegetable, 
poultry and dairy products scattered especially in Al Ain, 
Ras Al Khaimah and Fujayrah. They produce vegetables such as 
tomato, egg plant, okra, cucumber, green leaf vegetables and 
fruit such as sour lime, dates, melon and water melon.
In U.A.E there are five poultry plants which produce 
annually about 420 million table eggs. The bulk of the 
chicken meat is imported frcm France, Germany and Denmark.
The local poultry meat production at present covers 
about 10% of the market demand. The local dairy farms 
contribute to about 20% of the total market requirement of 
milk. However, due to the high production costs, the locally 
produced foodstuffs are feeing marketing difficulties.
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U.A.E relies very much on the foreign market for the supply of 
foodstuffs. Agricultural and industrial raw materials and
animal feeds are inported frcm international markets.
The country will be depending wholly on foreign markets 
especially in seme strategic commodities such as grains, 
groundnut meal, cooking oil, fats, fruits and others.
Rice is the main staple diet, the annual consumption per 
capita being about 360 Kg. Other types of grains such as 
wheat, barley and sorghum constitute the staple diet for 
certain communities residing in U.A.E. Pulses and nuts are 
imported frcm different countries and the consumption per 
capita is relatively high.
The oil era has resulted in radical changes in the way of 
living. Most of the traditional ways of earning no longer 
exist, with few exceptions e.g. fishing and animal rearing.
Animal feeds which are locally produced as well as the 
imported ones, when subject to prolonged inadequate storage 
facilities under U.A.E. climatic conditions, are observed 
producing excessive mould growth and subsequent high aflatoxin 
levels. This observation is similar to the finding of Abalaka 
(1983), Who reported high aflatoxin levels in poultry feed,
i.e. 42.6 and 23.1 ppb, in Nigeria because the climatic 
conditions of Nigeria are characterised by high temperature 
and high relative humidity which favour the growth of moulds 
in foods, (Purchase, 1968; Purchase & Van der Watt, 1970).
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Heathcote & Hibbert (1977) reported that high humidity 
prevailing in countries in the humid tropics favours the 
growth of the fungus A. flavus which produces aflatoxin.
1.4 Aflatoxin in Milk and Dairy Products
Lactating cows often show a significant reduction in 
milk yield within a few days of eating rations containing 
toxic groundnut meal. This effect on milk yield was confirmed 
experimentally by Allcroft & Lewis (1963) and KLerraeier et al., 
(1977).
Milk is a complex substrate consisting of fat and 
protein together with sugar (lactose) and accompanied by 
various minerals (calcium and phosphorus), vitamins, enzymes 
and minor organic compounds. The composition of milk differs 
frcm species to species. It also varies within the breed, or 
races of one species (Table.2).
Table 2. Representative values for seme major constituents of good 
quality milk of cows (Kons, 1972).
Solid non Protein Lactose* Physiological
Cow Fat Fat Nx6.38 Anhydrous Calcium Energy **
Friesian 3.50 8.65 3.25 4.60 0.115 62
* g/100 g 
* * Calories / 100 g
Guernsey 4.65 9.10 3.65 4.70 0.13 75
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Aflatoxin has been found in many feeds including many of the 
agricultural plant crops used for dairy cattle rations and such 
contamination of feeds has been demonstrated in many countries, 
Afzale, et al. (1979), Stubblefield (1979).
Allcroft & Camaghan (1963) reported that cows whose 
rations contained toxic peanut meals excreted in their milk 
a factor that was toxic to ducklings. Aflatoxin Mi w s  found 
in the milk of Holstein cows which were given doses of 
aflatoxin Bi for 7 days (Applebaum et al. 1981). AFBi and Mi 
were found in the highest concentration of total aflatoxin in 
tissue samples of thymus and liver, kidney and mammary gland 
compared with other tissues and fluid such as blood, milk and 
urine, when Hol^stein cows were given oral doses of 0.35 mg of 
purified aflatoxin Bg/kg of body weight (Stubblefield et al., 
1983).
Allcroft & Roberts (1968) reported a linear relationship 
between the amount of AFBi ingested by 2 groups of lactating 
cows fed different concentrations of AFBi mixed with different 
meals per day and the concentration of AFMi excreted in the 
milk of cows.
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Milk collected from cows during late autumn and winter, when 
concentrate rations are used for the dairy herd, maintained in 
11 collection centers in England, Wales and Northern Ireland, 
was found to be not contaminated with aflatoxin, (Allcroft & 
Camaghan, 1963). of twenty-one samples of milk collected 
fron retail commerce in South Africa only 5 were found to 
contain AEMq and of these 5 only two were found to contain 
detectable quantities and 3 contained traces (Purchase & 
Voster, 1968).
Work carried out at the Central Veterinary laboratory, 
Weybridge to compare the toxicity of fat with that of casein 
precipitated from skirnmed milk, indicated that only traces of 
aflatoxin were present in the milk fat and most of the 
aflatoxin in milk was bound to the casein fraction.
The efficiency of conversion and secretion of AFBq is 
not very high in animals, the level of AFMq in the milk is 
approximately. 300 times lower than the level of AFB in the 
feed consumed (Ames et al., 1975).
A linear relationship has been estimated of approxi­
mately 1/300 between the amount of Bq ingested by cows and the 
level of M excretion in milk (Rodricks & Stoloff 1976). How­
ever, Kiemeier, (1973) estimated that 1.5% of B ingested
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is excreted as M in milk. Animals receiving daily intake 20mg 
AFB in their feed secreted milk containing about 10 ug/litre 
of ABM . The toxicity of ABM is comparable to that of B but, 
the carcinogenicity is less than one hundrecjf for the rat.
Suzanger et al., (1976) reported the highest level of 
A^Ml in cows milk in the range of 50 - 500 ug/litre in 
villages around Isfahan in Iran.
According to Brown (1982), the highest ABM (13.3 ppb) 
was recorded in Indian milk. East Germany, U.S.A., U.K. have 
shown concentration of ABM , in ccws milk as high as 6.5, 0.7 
and 0.52 ppb respectively. Lower concentrations of ABM 
have been recorded in South Africa, West Germany and Belgium
0.02 - 0.3 ppb.
1.5 Aflatoxin in Camel Milk
Camels in Africa and Asia have long existed as part of the 
nomadic way of life. In the Holy Quran the camel has been 
mentioned as a living creature which has different 
characteristics.
Verse Do they not look at camels 
H'©w they are made I 
Chapter (30) verse (17)
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The camel which is called the ship of the desert has the 
ability to store water in its stomach for a number of days. 
It can live in dry conditions feeding cn desert shrubs. Its 
limbs are adapted to this life. It can carry men and goods.
The flesh of camel can be eaten, and its milk can be drunk.
Camel milk is very popular. Few scientists have been able to 
cope under these circumstances with a detailed investigation, 
such as that applied to other domestic livestock such as dairy 
cattle. The camel has become more valuable in its role as a 
provider of animal protein and a variety of products.
The camel has natural resistance to a number of diseases 
which might affect other domestic animals. There are a number 
of recognised camel ailments which inhibit or limit the camel's 
health and reproductivity.
It is a wonder that the camel survives at all under 
these conditions, because the nature of the camel is one of
strength and stubbornness. The camel gives milk and meat, the
quantity and quality depends on diet, climate and the work to 
which the animal is subjected to, they can give 3500 liters in 
a location which can extend to 18 months or even longer. 
Thirty five grammes of protein and 300 kilojoules of energy 
per liter can be provided by the milk (Higgins, 1984).
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The milk is known to be exceptionally rich in vitamin C 
a particularly useful property in areas where fresh fruit and 
vegetables are not available to the human population in the 
desert. Camel meat compares well with bovine meat When taken 
frcm the young camel and has a not dis-similar taste to that 
from a steer of the same age.
U.A.E citizens as other Gulfers are very fond of camel
milk, it is taken fresh unpasteurised or fermented, it is
against the tradition to sell camel milk. The price of camel
milk could be 4 - 6 fold that of cow milk, this reflects the
importance of the animal in the region. The price of a racing 
camel goes up to 1 million US$. One of the objectives of this
research is to furnish data which might be helpful to the
local authority in the UAE to set up standards for aflatoxin 
in food especially camel milk, because there is no information 
about aflatoxin in camel milk.
1.6 Aflatoxin in human milk
Many common foods which may be contaminated with
aflatoxin could be consumed by human beings e.g. nuts and
cereals. This contamination results frcm fungal spoilage of 
these products. Milk and possibly meat and eggs can become 
indirectly contaminated through the consumption of contaminated 
feeds with aflatoxin by farm animals, thus the level of man's 
exposure to dietary aflatoxin depends upon the type of food 
available, eating habits and local conditions of the country.
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Contamination of a staple food is a major concern and 
that population exposed to monotonous diets based on such 
staple foods are at particular risk Where contaminated 
pulses or cereals specifically or rice make a significicant 
contribution to the diet. The level of exposure will be 
relatively higher than where less commonly contaminated 
commodities take their place as the staple food or When milk 
is the sole aflatoxin containing constituent of the diet. 
ATM as detected in Sudanese mother breast milk with a mean 
of 19 pg/ml for Mq and 12.2 pg/ml for M2 (Coulter et al., 1984). 
They concluded that some Sudanese women excrete aflatoxins in 
breast milk at levels higher than those considered safe in 
animal milk for human consumption. Stoloff, (1977) reported
consumption rates are 7.6 g/capita/day for peanut products and 
135g/capita/day for maize, (USDA, 1981).
Therefore the daily intake of AFB for a person with a 50 kg 
body weight is 0.03 ng/Kg BW/day frcm peanut products and
25.7 ng/Kg-BW/day frcm maize.
that the average concentration of AFB
product and 9.5Ug/Kg in com in U.S.A., the average per capita
The major food sources of AIM ingested by humans are 
milk and dairy products. The average consumption of milk in 
U.S.A. is 242 g/capita/day (USDA 1981). The concentration of
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ABM ranges frcm 0.1 to 0.7yjg/Kg, the daily intake per capita
(for 50Kg body weight) is 3.4 ng/kg EM/day of ABM. The worst 
case of daily intake if the milk was assumed to contain 0.
frcm this data the daily consumption of ABB would be at least 
5.9 times greater than the level of exposure to ABM . Thus it 
is the case that AFBi is more potent and is being consumed to 
greater extent than ABMq. Carlborg (1979) proposed a linear 
doss^sponse relationship between liver cancer and exposure 
to aflatoxin.
Frcm data obtained frcm the ten regions in south East Asia and 
Africa on the male population, 121 deaths/100,000 and 10 deaths
100,000 due to exposure to 1 ng/kg Bw/day. These values are 
not consistent with Mckay's (1982) statistical calculation for 
the male population in U.S.A, which indicated that there was a 
total of 3418 deaths due to bile passage and liver cancer in 
1977. When the total population was 105.6 million, 227/100,000 
corresponds to an exposure level of 10.6 ng/kg BW/day. Frcm 
these estimations males in U.S.A. are twice as resistant to 
risk of AFBi than the males in Asia and Africa. These 
differences in estimation may be attributable to differences 
in life style e.g. environmental and nutritional conditions 
or in accuracy in the estimation of exposure level.
For ABM a comparison has been made for western countries and 
the U.S.A. where milk is a significant diet constituent.
46
For New Zealand the consumption of milk is 18% greater than 
Great Britain which, in turn is 16% less than the U.S.A. All 
these data were obtained for adult humans but infants 
have been found to be more susceptible to AFB carcinogenicity 
than adults and they are especially at risk because baby food 
prepared from milk is known to be prone to contamination by 
aflatoxin.
1.7 Examples of Cases of Acute Toxicity of Aflatoxin In Man
In India, there were 272 hospital admissions with 
clinical symptoms of aflatoxin poisoning and a 27% mortality 
associated with a daily aflatoxin intake of at least 55/ng/Kg 
BW for an undetermined number of days (Krisbnamachari, 1975 a). 
In Kenya 20 hospital admissions with a 60% mortality associated 
with a daily intake of at least 30 jag/Kg Bw for an unde ter- 
mined number of days has been reported (Ngindu et al., 1982).
Shank et al. (1972 b) reported that peanuts, dried com and 
millet were the principle source of aflatoxin in Thai food­
stuffs, where rice is the staple diet and is an important dietary 
source and they concluded that the leftover of cooked rice 
presents favourable conditions for aflatoxin production. The 
daily consumption of AFBq was 51 - 55 ng/Kg Bw on a family 
basis/daily consumption of all aflatoxins was 73-81 ng/Kg Bw.
The incidence rate of primary liver cancer in the Thai 
population ranges between 3.1 - 3.7 per 10^ (Ministry of 
Public Health, 1979), this incidence rate occurred especially 
in Bangkok where the maximum daily consumption was 4251 ng/kg 
Bw AFB^ .
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An extensive study has been carried out by Peers & 
Linsell (1974) in Kenya cn dietary aflatoxin and human liver 
cancer. This study supported other investigations showing 
that aflatoxins are a causative factor in the etiology of 
human liver cancer in Kenya. In Uganda the first study which 
was carried out (1964 - 1967) indicated that a total of 355 of 
hepatoma cases frcm 5.8 million general population. The 
incidence was highest in the age range of 35-45 years and was
3.3 times greater in males. 44% of 105 food samples assayed 
contained aflatoxins and almost half were contaminated with 
more than 100^ig/kg total aflatoxin (Alpert et al., 1971).
Shank (1978) reported that the exposure of humans in Uganda 
could be in the order of 20pg/kg Bw to 2 ng. In contrast to 
the apparent situation in Thailand, in India liver cancer may 
not be the only consequence of man1 s chronic exposure to 
aflatoxin, it may also foe a factor in the disease known as 
Indian Childhood Cirrhosis (ICC).
However, Dhat et al., (1982) reported that there was no causal 
relationship that could be established between Indian Child­
hood Cirrhosis (ICC) and aflatoxin.
Frcm 54 samples of breast milk from mothers of cirrhotic 
children (liver disease) in India which were examined for the 
presence of AFB , only 7 extracts of the human milk showed 
distinct levels of AFB . These data provided a base for
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securing further evidence on the action of aflatoxin in humans 
and indicated seme of the possible effects of human exposure. 
Short tern exposure of continuous low level challenge may 
present potential hazard in regions where aflatoxin may be 
ingested in the course of consuming a diet containing crops 
indigenous to the region. Thus sorghum and Millet are the 
staple diets for many people living in tropical and sub­
tropical countr y  and are grown and harvested under conditions 
favouring the invasion of storage moulds.
In Thailand (Anukarahanota et al. 1982, Peers & Linsell,
f1977), the Philippines (Stoloff 1977), MDzambique (Van Rensburg
et al., 1974), and East Africa (Peers & Linsell, 1977) good
epidemiological evidence revealing the correlation between the 
tion
induc£ of liver cancer and exposure of aflatoxin has been
obtained. All this evidence led us to conduct the study to
find out the level of AFMq in human milk in U.A.E. The
population of the U.A.E is 1.5 million, 36% U.A.E citizens
and 64% other nationalities, most of them have different food 
habits. The consumption of Food per capita is 3kg for adult 
and 1.2kg for babies (Abdelgadir 1987) (unpublished data).
The U.A.E has the highest income per capita 19,500$, seconded 
by U.S.A.
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The highest consumption of staple food which are subject to 
aflatoxin contamination and the favourable climatic condition 
prevailing in U.A.E are important factors which need to be 
considered. According to an extensive study (un published) 
which was carried out in Abu Dhabi and Al Ain, frcm the total 
population 670,125, more than 1498 patients (C.O.22%) suffered 
frcm cancer (see appendix II), attributed to different factors 
among which might be aflatoxin.
1.8 Regulatory Limits
Different countries have their regulations for monito­
ring aflatoxin in different food commodities. The Codex 
Alimentarius (WHO/FAO) has recommended maximum permissible 
levels of aflatoxin in food (Table.3).
In the U.A.E there is no regulation for aflatoxin 
contamination in food and feed, but the country relies on the 
norms recommenddsl by Codex Alimentarius. However, according 
to the visual observation and technical data available, it is 
quite evident that contamination with aflatoxin is quite 
conspicuous and hence norms need to be declared, taking into 
consideration the climatic conditions and food habits in the 
U.A.E.
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Table 3. Maximum Limits for 
Aflatoxin Levels in Foods & Feeds in Various Countries
COUNTRY COMMODITY MAXIMUM LIMITS ng/g
India Food 30
Feed 1000
Colombia Sesame seed 20
Groundnut, Cereals 
& Grains
10
Italy Groundnut 50
China Rice, Groundnut
Sc Grains 50
U.K. Food 5
Feed 10-50
U.S.A. Fluid Milk 0.5
Feed 20
Soviet Union Food 5
Australia Food 5
Groundnut Product 15
European Feedstuff 50
Communities For Cattle, Sheep Sc 
Goats
Feedstuff for Pig 
Sc Poultry
20
complementary Feeding- 
Stuffs for dairy cattle
10
Jordon Grains, Cereals
Pistachio, Almond Sc Pinenut 15-:
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2.1
2 .1.1
2.
The effect of different media on growth and toxin production 
of Aspergillus spp especially A. flavus & A. parasiticus.
The media used for this study included (Appendix I).
1-a Malt Extract Agar (Merck) (MA)
1-b Malt Extract Broth (Oxoid CM57)
2-a Czapek Dox Agar (Oxoid CM97) (CBA)
2-b Czapek Dox Liquid Medium (Oxoid CM95)
3. Com Meal Agar (Oxoid CM 103) (CMA)
4. Anwar Modified Medium (ANM) (Name of the researcher).
The composition of this new medium is based on rice,
It contains g per liter
Rice 30
Peptone 5 (BEH)
Dextrose 5 (Difco)
Agar 20 (Oxoid)
30g (Double Deer Brand Indian Rice) was cooked with 500 ml 
distilled water in a steam cooker at a pressure of 15 lbs per 
sq. inch for 10 min.
Materials and Methods
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The ccoked rice was filtered through cheese cloth, the 
filtered extract was added to peptone, dextrose agar mixture 
and made up to one liter. After autoclaving at 121 °C for
15 min the pH was adjusted to 4.5 by adding sterile 10% 
lactic acid.
2.1.2 Organism Culture
Organisms chosen for this study were, 
a- Aspergillus»flavus 
b- Aspergillus.niger 
c- Penicillium. viridicatum 
d- Penicillium * islandicum
A. flavus & A. niger were isolated frcm Sudani groundnuts. 
P. viridicatum was isolated frcm Turkish chestnuts. islandicum 
was isolated frcm rice. All strains were maintained on slopes 
of Malt extract agar at 4°C.
Preparation of the inoculum : Spores of the organisms were
harvested after growing on malt extract agar for 2 days at 
37 °C by washing each slope with 10ml sterile quarter strength 
ringer's solution. The growth was scraped by sterile platinum 
loop and then transferred into sterile bottles and shaken on a 
whirl mixer for 2 min. The final spore suspension was adjusted 
to contain approximately 10^ spores/ml. Approximately 0.02 ml 
of the spores were inoculated in the center of triplicate
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plates of each medium using sterile pasteur pipettes. The 
plates were incubated at 37°C for 36h, 48h & 72h and the growth 
and development of the mycelia were recorded at different time 
intervals. Each stage of growth was photographed.
2.1.3 Toxin Production by shake flask culture
Flasks containing 100 ml of each broth medium which 
was described in (2.1 .1 ) were inoculated with 1 ml of approxi­
mately 106 spores/ml suspension of A. flavus, the flasks were 
incubated in an orbital shaker incubator set at 120 rev per min. 
and at 37°C.
At 24h intervals and up to the 168h, two flasks of each medium 
were removed frcm the incubator and the growth was inhibited 
by steaming for 2 min.
At the end of the growth period, about 6-7 days, 
extraction of the toxin was made according to Shotwell, et al., 
(1966).
2.1.4 Extraction and detection of toxin
After the prescribed time of incubation, the cultures were 
blended with 100ml chloroform in a waring blender for 5 min, 
the slurry was filtered under vacuum onto a Buchner funnel and 
the filtrate was transferred to a separatory funnel.
The mycelia were separated through pre weighed S & S filter 
paper 125mm dimension, the raycelia were dried at 100°C over­
night and weighed to determine mycelial mass as a measure of 
the organisms growth.
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The chloroform layer was dried over (20g) an-hydrous 
sodium sulphate and the extract was concentrated under vacuum. 
The residue was made up to 1ml with chloroform for Thin layer 
chromatographic analysis..
2.1.5 Thin Layer Chromatography (TLC). (Quantitative)
Forty five g of activated silica gel containing 13% 
calcium sulphate was suspended in 90ml distilled water and 
blended for 45 seconds in a waring blender, the slurry was 
distributed onto 20 x 20cm glass plates using a Bririkmann 
Instruments plate pourer set at 0.25mm thickness. Plates 
were activated at 110 °C for lh. Frcm 1ml concentration of the 
diluted residue lOul was applied to the TLC plate using a micro 
syringe (SGS) and a range of appropriate Bq standards (2pg/ml 
ccnc.) were also used. The plate was developed in benzene 
95% ethyl alcbhol-water (46:35:19 if/vrfo) and the solvent front 
allowed to move 10cm frcm the base line, the plate was taken 
out of the tank, dried and viewed under ultraviolet light of 
365nm in a dark rocm, a blue fluorescent spot was observed 
corresponding to AFBq at Rf value 0.6 the same Rf as the 
standard Bq.
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parasiticus Agar AFPA;
Comparison was made between AFPA (selective, identifi­
cation medium for the detection of A. flavus/parasiticus) 
(Pitt et al., 1983) and Anwar modified agar (ANM) medium for 
recovery of Aspergillus spp mainly A. flavus/parasiticus, by 
using heavily contaminated foods such as spices (e.g. Black or 
white pepper), for assessment and recovery of microbial mould 
count.
2.2.1 Culture experiment;
One g of black pepper powder in 9ml distilled water 
containing 0.01% tween 80 was thoroughly dispersed cn a whirl 
mixer. A one in ten serial dilution made using sterile 9ml 
distilled water to give 1/10 0 and 1 /1000.
A 0.1ml aliquot frcm each dilution was dispensed in triplicate 
plates of each medium and incubated at 37 °C for 6-7 days and 
growth comparison was recorded for both media.
2.2.2 Inoculation and Extraction of Two Coiparative Media:
A. flavus was isolated frcm infected Sudanese peanut 
and inoculated cn Malt extract agar. After 2 days incubation 
the spores were harvested by thoroughly washing with a known
2.2 Ccuparison of the new medium (ANM) and Aspergillus flavus/
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volume of distilled water to produce a spore suspension of 
approximately 10^ spore/ml. 0 .1ml aliquot of the stock was 
inoculated in the center of each duplicate plate of AFPA & 
ANM for each period.
The plates were incubated at 30 and 37°C for 7 days. 
After intervals of 2 days and 7 days two plates of each medium 
at each temperature were macerated with 50ml distilled water 
according to Hara et al. (1974) and extracted with 50ml 
chloroform, the mixture was centrifuged at 3000 rev/min for 
lmin, the aqueous layers returned to the waring blender, the 
extract was filtered frcm the agar slurry, extracted once more 
with 25ml chloroform, the chloroform extract was concentrated 
to dryness at 55 °C, one ml of chloroform was added to dissolve 
the residue and 25pl of the toxin was spiked on silica gel 
plates along with standard Bq. The plates were developed 
using toluene: ethyl acetate: 90% formic acid. (TEF) (6:3:1 
v/v/v), and after developing the plates are viewed under 
ultraviolet light of long wave length in a dark roan.
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Samples of nuts (Table 4) and processed grains (Table 5) 
were collected frcm markets. Fresh and reconstituted pasteurised 
cows' milk (Table 6 ) were collected frcm samples delivered to 
the Food Control Laboratory. Camel milk was obtained frcm 
a number of privately owned farms located in the vicinity of 
Abu Dhabi Town. (Table 7).
Mothers' breast milk was collected frcm mother donors at two 
major institutions in Abu Dhabi.
1. Gomich Maternity Hospital.
2. Al-Nehyan Clinic for Maternity 
and Childhood.
Donors representing 18 different nationalities between 
the ages of 17-43 have contributed to this study (Table 8 ).
Donors who were 3-5 days after delivery were designated as 
stage 1 and those who were past 7 days of delivery were 
designated as stage 2 , all samples were analysed for aflatoxin.
Fat, and protein were also determined using an automatic milk 
analyser (Multispec) - UK.
2.3 Sanples Collected for Extraction
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Table 4 s Samples of nuts used in the survey for the occurrence of 
aflatoxins - April 1986
1 - Groundnut
a - Groundnut (Sudanese) 
b -
c - 11 "
d -
2 - Peanut butter (Sudanese)
3 - Chestnut (Turkish)
4 - Cashew nut (American)
5a- Walnut (Pakistanian) with shell 
5b " " shelled
6a- Pistachio (Syrian)
6b " (Iranian)
7a- Almond (American)
7b Almond (Iranian) roasted
8 - Pine (Pakistanian)
9a- Hazelnut
9b Hazelnut (irradiation)
Supermarket shelled 
Local market with Rough shell 
" " with smooth shell
Shelled
10- Coconut powder.
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occurrence of aflatoxins - February 1987
A. Rice
1 - Pakistani rice basmati 81/82 seasons
2 -  " " " 82/83 season
3 - American rice parboiled
4 - Pakistani rice basmati in light humid condition
5 - " " " in medium " 11
6 - " " " i n  high
7 - " " " i n  Mussafah store
8 - " 11 " i n  Mina Zayed Port Store
9 - Indian rice
10- Egyptian rice
B. Grain (Processed)
1 - Semolina (wheat) (Greece)
2 - Anjeira bread 1 (Ethiopia)
3 - " " 2 ( " )
4 - " " dried ( " )
5 - Kissra Sudanese bread (Sudan) (Sorghum)
6 - Wheat bread ( " )
7 - C o m  bread ( " )
Table 5 : Samples of Grains & Rice used in the survey for the
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survey for aflatoxins - March 1987
Table 6 : Samples of fresh and pasteurised cows1 milk used in the
Sample & Brand Location Shelf Life & Type
1 - Al Ain ccw milk raw fresh Alain - UAE Full cream
2 - Milco milk pasteurised reconstituted Abu dhabi 6 days "
3 - Unikai milk pasteurised " Dubai I I I
4 - Daily fresh milk sterilised UHT. Belgium 1 year high fat
5 - Long life milk UHT sterilised Copenhagen 6 months " "
6 - Local cow milk raw fresh (Al Mafraq) Full cream
7 - Marmum cow milk pasteurised Dubai 5 days "
8 - Fresh Marai cow milk pasteurised fresh Saudia Arabia 5 days "
9 - Dawn cow milk pasteurised fresh TJtamal Qaywayn 
(U.A.E)
I I It
10- Pure milk sterilised UHT Belgium 6 months half cream
11- " " " UHT I " " full cream
12- Skimmed milk " UHT I half fat
13- Al Ain cow milk pasteurised fresh Alain 5 days full cream
14- Al Buheira long life UHT Sharjah 6 month half cream
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Table 7 :
Samples
Samples of camel milk used in the survey for the 
occurrence of aflatoxins
- 8 Raw camel milk collected in March 1986 Bani Yass area 
(used for the TLC method)
Samples 9 - 2 0  Raw camel milk collected in July 1986 Suaihan area 
(used for the TLC & the velasco method)
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Table 8
No.
j Samples of human breast milk used in the survey for the 
occurrence of aflatoxins - June 1986
of Donors 
8 
1 
1 
1
15
12
2
5
1
1
4
7
1
1
2
1
1
Nationality
Abu Dhabi - U.A.E.
Africa - Swahili
Algerian
American
Egyptian
Indian
Iraqi
Jordanian
Moritanian
Omani
Pakistani
Palestinian
Saudi
Somali
Sudanese
Swedian
Syrian
Age Range
22-38 
22
28
32
19-33 
17-35 
33-38 
21-43 
30
21
20-33
23-39
29 
20
24-26
30 
24
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2.3.1 Extraction of Milk Samples:
The First Official Action Method which was adopted toy
AOAC (1975) for fluid milk, was applied here to extract
aflatoxins.
Seventy Five ml of milk was blended with 300ml methanol and 
25g. diatomaceous earth (cellite) for 3min, the slurry was
filtered through a Buchner funnel precoated with 1cm diatoma-
ceous earth. The precipitated casein was washed with 75ml 
methanol, the filtrate was mixed with 225ml 4% sodium chloride 
and defatted with 3 (100ml) portions of hexane in a separatory 
funnel, the hexane layer was discarded and the lower layer was 
partitioned with three 100ml portions of chloroform, the 
chloroform extract was washed with 300ml 4% sodium chloride, 
dried over anhydrous sodium sulphate and evaporated in a fume 
cupboard on a steam bath to near dryness. The residue was 
then transferred to a dram vial for quantitative estimation on 
silica gel plates.
2.3.2 (TLC) Dilution to Extinction Technique:
The method used was that proposed by Jones (1972). For 
quantitative estimation 0 .1ml chloroform was added to the 
residue in the dram vial to produce a workable concentration 
of aflatoxin. 20-30/nl of sample extracts were placed on 
silica gel plates using a micro syringe and ensuring that the 
spot size was kept as small as possible.
6 4
A p p r o p r i a t e  s t a n d a r d s  o f  B q ,  M q ,  2/ug/ml a n d  0 . Ejjug/ml c o n e
respectively were obtained frcm Dr. Van Egmond (Section of 
natural toxins) Bilthoven, Netherland.
AFBi, Mi were also spotted onto silica gel plates on the same 
line as the sample extracts, the plate was developed with 
chloroform: acetone: isopropanol (85:10:5 v/v/v), until the
solvent had reached a line marked at 12cm, the 
plates were dried by air dryer and viewed under ultraviolet 
lamp (San Gabriel) U.S.A multi band UV 254/366 in a dark rocm. 
The volume of sample extract which was visible under the UV 
light equates to the minimum concentration of aflatoxin 
standard required to give fluorescence, the aflatoxin concen­
tration in the sample was calculated frcm the equation:
S = ml ABMq std with fluorescence equal to unknown.
Y = cone of ABMi standard yig/ml
V = ml of final dilution of sample.
X = ml of sample extracted spotted giving fluorescent
intensity equal to S(MjStd).
W ~ volume of milk sample represented ty final extract.
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The two dimensional method used for the quantitation of 
aflatoxin Mq in samples which was that proposed by (Van Egmond, 
et al., (1978).
Frcm lOOul of sample residue which was redesolved, 20ul was 
spotted cn an imaginary line on silica gel plates 10x10cm. 5pl 
AFBq, 2pg/ml concentration an! lC^ ul of AEMq 0.5j a g /m L  cone 
were spiked on the same line
The plate was developed in a developing tank containing 100ml 
of chloroform - acetone - isopropanol in the ratio (82: 1 0 : 8 
v/v/v). When the solvent had reached the limit line for the 
first direction, the plate was dried and sprayed with 
trifluoro acetic acid - hexane (1+4) solution (TFA) after the 
solvent had evaporated the plate was covered with a warm glass 
plate 75°C and heated for 6-8 min in a 75 °C oven, then the 
plate was cooled for 1 min and the excess TFA evaporated 
with a stream of air.
The plate was developed in the second direction with 
chloroform - acetone - isopropanol (78: 1 0: 1 2).
After the second development and drying the plates were 
examined under U.V long wave 365 nm for violet blue fluores- 
scence spot of AFMq and blue spot for AFBq.
2.3.3 Two Dimensional Technique
6 6
All samples of milk were checked for their microbiol 
flora. The standard plate count agar medium (oxoid) was 
employed for the enumeration of the total viable count.
Plating was performed on the surface of the mediumr%^the 
plates were incubated at 37°C for 48h.
2.3.5 Extraction of Nut
(BF) method which was adopted by AOAC (1975) for peanut and 
peanut products. A fifty gram sample was blended with 250ml. 
methanol & water (150: 100 v/v), in a waring blender on full 
for lmin, 100ml hexane and 2g of sodium chloride were added 
and the mixture blended for another 30 second, the slurry was 
centrifuged at 2000 rpm for 5min. 25ml of the aqueous layer 
was extracted with 3x25ml chloroform the bottom layer was 
drawn off into 100ml conical flask through a bed of anhydrous 
sodium sulphate, the chloroform extract was evaporated to 
dryness on a steam bath in a fume hood and the residue 
dissolved in lOOjul chloroform for visual thin layer chromato­
graphic estimation.
For quantitative estimation, the dilution to extinction method 
(2.3.2) and quantitative estimation (2.3.3) were performed.
2.3.4. Standard Microbiology Method
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2.4 Flurotoxin Meter Velasco Minicolumn (VEM)
Aflatoxin in camel (Table 7) mother (Table 9) and cows (Table 10)
milk was determined by using the minicolumn (Velasco, 1974)
technique. VBM adapted to measure the fluorescence intensity
of aflatoxin on the florisil layer in the minicolumn.
2.4.1 Extraction of Samples
Twenty ml of milk sample was blended with 100ml acetone-
water (85:15) at maximum speed for lmin, the slurry was 
filtered through a fluted whatman filter paper. Thirty six ml 
of filtrate was mixed with pH5 ferric gel (4ml of 10% ferric 
chloride and 6.4 ml of 4.8% sodium hydroxide in 40ml distilled 
water) ferric gel solution was mixed magnetically for 3min.
The gel formed was filtered through a 24cm fluted filter 
paper, and 80ml of the filtrated mixed with an equal volume of 
water and shaken vigorously in a separatory fennel with 20ml of 
chloroform for 45 seconds. The lower layer was drained into a 
stainless steal beaker and evaporated cn a water bath in a 
fume hood, the residue was transferred to a dram vial by 
washing the beaker 3 times with 2ml chloroform - methanol 
(96+4).
Each ml of the residual solution contains the aflatoxin 
equivalent to 1ml of the original sample.
6 8
Table 9 Samples of human breast milk used in the survey for the
occurence of aflatoxins using the Velasco method
No of donors Nationality Age
2 Abu Dhabi 24,31
1 Algerian -
4 Egyptian 22-25
2 Indian 26
1 Iraqi 33
1 Cmani 21
1 Pakistani 22
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of aflatoxin using the Velasco method - September 1986
Table 10: Samples of cows milk used in the survey for the occurrence
Sample and brand location Shelf life type
1- Falij- Almuala fresh milk 
pasteurised
Falij- Almuala 5 days, full cream
2- Milco milk pasteurised 
reconstituted.
Abu Dhabi - UAE 6 days, full cream
3- Unikai milk pasteurised 
reconstituted
Dubai - UAE 6 days, full cream
4- Daily fresh milk UHTsterilisec Western Germany 1 year high fat
5- Long life milk UHT sterilised Denmark 6 month high fat
6- Loctovita UHT sterilised Belgium 1 year high fat
7- Marmum fresh pasteurised Dubai - UAE 5 days full cream
8- Marai fresh pasteurised Saudi Arabia 5 days full cream
9- Dawn fresh pasteurised Umm Al Qauwain-UAE 5 days full cream
10- Lacnor long life UHT Sharjah - UAE 6 month high fat
11- Lacnor long life UHT Sharjah - UAE 6 month low fat
12- Marai fresh pasteurised Saudi Arabia 5 days low fat
13- Al Ain fresh long life UHT Al Ain - UAE 5 days full cream
14- Al Buheira long life UHT Sharjah - UAE 6 months half cream
15- Digdaga Pasteurized Fresh Ras Al Khaima - UAE 5 days full cream
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2.4.2 Preparation of the Mini Column
A minicolumn size 5x200mm, was plugged at one end with 
2~3rnm of glass wool, 5-7rnm of sand was added with the aid of 
small funnel and scoop, a layer of florisil 5-7mm, followed by 
a layers of sand, silica gel amd finally a layer of neutral 
alumina. A sample extract was added onto the prewetted 
microcolumn with 1ml chloroform - methanol (96+4), and eluted 
with this solvent, 2 control columns are prepared frcm an 
uncontaminated sample to obtain a zero reading. Two standard 
columns were prepared using an aflatoxin standard of 20ppb
chloroform methanol solvent (96+4). The column was placed in 
the Velasco instrument to take first reading, it was then 
turned one quarter turn (90°) right or left to take a second 
reading and the average is the final reading of aflatoxin 
concentration.
To test the validity of the Velasco method, a new set 
of samples of milk frcm camels, cows and human sources (Tables 
11, 12, 13 respectively) were obtained, and the samples of 
grain described in Table 5 and nuts described in Table 4.
These samples were all analysed by HPLC.
obtained by adding 200ul of standard
2.5. High Pressure Liquid Chromatographic Technique (HPLC)
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of aflatoxins by HPLC.
1 a Camel milk raw
b " " pasteurized 62°C
2- Camel milk raw
3_ ii ii ii
4- " " pasteurized 62°C
5- 11 11 n
6-
It 11 11
8- " " raw
9_ " » •
10— 11 11 11
11- " " pasteurized
12- " " raw
13- " " "
14- " 11 "
15- ..........
16- " 11 "
17— 11 11 11
Table 11: Samples of camel milk collected in June 1987 for analysis
pH of camel milk 6.4 - 6.7
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of aflatoxin by HPLC
Table 12: Samples of cows milk collected in June 1987 for analysis
Sample and brand Location Shelf life type
1- Falaj- Almuala fresh milk 
pasteurised
Falaj- Almuala UAE 5 days, full cream
2- Milco milk reconstituted 
pasteurised.
Abu Dhabi - UAE 6 days, full cream
3- Unikai milk reconsitutued 
pasteurized.
Dubai - UAE 6 days, full cream
4- Marmum fresh pasteurised Dubai - UAE 5 days full cream
5- Marai fresh pasteurised Saudi Arabia 5 days full cream
6— Dawn fresh pasteurised Umm Al Qauwain-UAE 5 days full cream
7- Marai fresh pasteurized Saudi Arabia 5 days half cream
8- Al Ain fresh pasteurized Al Ain - UAE 5 days full cream
9- Digdaga fresh pasteurized Al Ain - UAE 5 days full cream
10- Gulf & Safa reconstituted 
pasteurized.
Abu Dhabi - UAE 6 days full fat
11- Milco long life UHT Abu Dhabi - UAE 6 month half cream
12- Al Buheira long life UHT Sharjah - UAE 6 months half cream
pH of oows milk 6.2 - 6.6
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for analysis of aflatoxin by HPLC
No of donors Nationality Age
3 Egyptian
3 Jordanian
1 Lebanese 23
3 U.A.E. 22
Table 13 : Samples of human breast milk collected in June 1987
Unknown Source
pH of mother milk 6 - 6 . 5
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2.5.1 Extraction of Milk Samples
Chang & Devries (1983) method was performed for the 
extraction of AFMq frcm samples. Twenty five ml of fluid milk 
with 5ml saturated sodium chloride and 60ml chloroform were 
rolled together in a separatory funnel for 3min, the chloroform 
layer was drained into a flask containing 5g anhydrous sodium 
sulphate and stirred for 3min. The slurry was filtered 
through a fluted paper (No.44) into a graduated cylinder to 
record the volume. Chloroform extract was evaporated to 
dryness under vacuo with gentle heating (60°C) and the residue 
was immediately transferred to a separatory funnel with 25ml 
of acetonitrile which was extracted 2 times with 25ml 
petroleum ether. The acetonitrile layer was transferred to a 
round bottom flask and evaporated to dryness. Immediately the 
residue was transferred to a dram vial with the minimum amount 
of methylene chloride and evaporated to dryness under a stream 
of nitrogen with gentle heating. lOOpl of chloroform was 
added to the residue with gentle shaking and only 10pl was 
injected into the column (Micro pak CN 10) of the Varian 
(Vista 5500) HPLC.
2.5.2 Extraction of Nuts and Grains
Johnson & Abu-Shumays (1977) method was used to extract 
aflatoxin frcm nuts and grains.
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A 20g sample of nuts was ground with 40ml of (8:2 v/v) methanol 
water, the slurry was agitated for 5min and filtered through a 
No.l Whatman filter paper.
A known volume of filtrate was mixed with an equal volume of 
cleaning solution (I5g zinc sulphate and 5g of phosphotungstic 
acid in 100ml water). The mixture was filtered through filter 
paper No.l, and 15ml of filtrate was added to 3ml of benzene 
in a separatory funnel with gentle mixing, the benzene layer 
was transferred to a dram vial and evaporated under a stream 
of nitrogen, lOOOpl of benzene was added to the residue, 
shaken well, and l(Jul was injected onto the column.
The concentrations of aflatoxin were determined by comparing 
the peak areas with those of standards injected before the 
sanples.
2.6 Comparative Assay
Samples of camel milk (3 samples) were collected frcm 
the vicinity of Abu Dhabi town. Half of each sample (about 
100ml) was spiked with 0.2ml of 0.5pg/ml AFMq to provide a 
recovery of approximately lng/ml on TLC plates.
These spiked samples and the second portion were each extracted 
according to the procedures in 2.3.1, 2.4.1 and 2.5.1 to estimate 
the level of AFMq in the original and spiked samples and to 
estimate the efficiency of the extraction and quantitation for 
the three methods using the same sanples.
(i.e. TLC, Velasco and HPLC).
"V"
3 . R E S U L T S
Medium Selected for Rapid Growth & Recovery of Aflatoxin
Producing Organism
Observations of the Growth on the Different Media
It has been observed that ANW has supported better 
growth for all strains under tests i.e A. flavus, A. niger 
P. viridicatum and P. islandicum conpared with other types 
of media CDA, CMA and MA, (Fig.6 ).
The ANM gave inproved results conpared with CDA, CMA & MA 
in respect to the size of the colony and intensity of growth 
(Table.14).
Aflatoxin Production under Agitated Conditions
Shake flask culture was intended to break up the 
mycelial mat into small pellets. A heavy growth occurred in 
ANM broth of green mycelium of A. flavus after 48hrs incuba­
tion at 37°C. However, a significant amount of attached 
sporing growth occurred around the flask of ANM after incubation 
for 72hrs.
The growth on MA and CDA was dispersed, but after 48 hours 
the growth of A. flavus on MA was abundant and on CDA was 
dispersed with 3 or 4 mycelial mats.
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TABLE 14 Size and Growth of A. flavus on different media
Time
Hr.
Organism (ANM)
(A)
(CDA)
(B)
(CMA)
(c)
(MA)
(D)
36 A. flavus 25mm Light green 
++
20rnm L.yellow 
+
20mm white 19mm white 
+
48 35mm green 
++
27mm yellowwish 
+
26mm white 25mm white 
++ green
72 50mm Dark green 
+++
37mm yellow 
++
35mm white 
+
37mm green 
++
36 A. nigear 23mm Black 
++
17mm Black white 
+
17mm white 20mm black 
white
+
48 34mm black 
+++
24 black white 
-H-
26mm white 
+
26mm black 
-H*
72 50ram black 
+++
36mm black 
++
35mm white 
+
40mm black 
-H-
36 P. viridicatum 12mm blue 
++
7mm blue 
+
7mm white 10 blue
48 15mm blue 
++
9mm blue 9ram white 12mm blue 
++
72 16mm D. blue 
+++
12mm blue 
++
10mm white 14mm bluef |. >. ill
36 P. islandicum 20mm brown 
++
1 1mm 1 . brown 
+
10mm white 14mm blue 
+
48 33mm brown 18mm brown 
+
15mm white 20mm brown 
-H-
72 45mm D. brown 
+++
33mm brown 
-H-
20mm white 
+
35mm brown
I t I.II I
INTENSITY: -H-+ VERY STRONG : ++ STRONG : + TINT - POOR
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After 24hrs the concentration of toxin on ANM was low 
but a clear increase was recorded after 48hrs incubation. As 
the growth rate increased a simultaneous appearance of a green 
pigment was observed after 72hrs incubation. However, a 
decrease in the amount of toxin was recorded after 72h 
incubation (Table 15).
ANM contains a high concentration of carbohydrate derived 
frcm rice and is fortified with dextrose. Peptone acts as a 
nitrogen source. All these factors might have enhanced the 
growth and consequently aflatoxin production.
After 120hrs incubation, the level of aflatoxin had 
increased again. However, a reduction in the growth was 
noticed.
The same pattern occurred in MA broth but with a lower 
concentration of toxin. MA consists of malt extract which also 
contains a "high concentration of carbohydrate (maltose, 
dextrose, sucrose and dextrin) which gives rise to growth and 
toxin production (Table 15).
In Czapek broth there was a consistent correlation between 
the growth rate and toxin production. However, the growth 
rate and toxin production were not as high as those in ANM and 
MA. The highest concentration of toxin was detected after 
120hrs incubation with minor difference in dry weight, (Fig.7).
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Fig 7 ; A f la tox in  production & mycelial, weight in the 
Three l iquid media ANM.MA& CPA.
24 h 48 h 7 2h 9 6 h 12 0 h 14 4 h
Incubation t ime in hours.
(A )Anwar  Broth.
(B )M al t  Ext rac t  Broth.
(C)Czapek Dox Broth.
CZH Concentration of AF.
of dry mycelia.
16 8 h
20 
1 9 
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1 6 
15 
-14
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Table 15 Aflatoxin production and mycelial weight in the three
liquid media ANM, MA & CDA.
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3.2 Examination of the efficiency of ANM and AFPA media for 
Grcwth and aflatoxin Production
3.2.1 Growth of Organisms cn ANM and AFPA
The recovery of moulds on ANM exceeded that on AFPA
after 60hrs incubation. The total viable count was c.a 7xl09 
cfu/ml and 3x103 cfu/ml on ANM and AFPA respectively.
After 5 days incubation, the total viable count was c.a 
1.5xl04 and lxlO4 cfu/ml for ANM and AFPA respectively. How­
ever, after 6 days incubation a heavy white growth of mycelial 
mat was observed covering both media.
e
Penicillium spp, Aspergillus spp and Auijbbasidium, were 
seen predominating from the contaminated Indian black peper.
3.2.2 Growth and Toxin Production cn two Types of Media at 
Temperatures 30 & 37°C.
A significant growth of A^ _ flavus had occurred on ANM 
after 48 hrs at 37 °C which was more than that at 30 °C. How­
ever, the growth on AFPA at 30 °C was greater than that at 
37°C, (Table 16).
The onset of sporulation occurred after 48h on both ANM 
and AFPA at the two different temperatures 30 & 37°C, (Fig.8 ). 
However, an intensive sporulation was observed on ANM more 
than that on AFPA when incubated at 37 °C.
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The growth had further increased in all the plates of 
ANM after 7 days incubation. However, the growth on AFPA 
remained restricted to a relatively small area. The growth on 
AFPA was more significant at 30 °C than that at 37 °C, (Table 16).
The highest accumulation of aflatoxin was recorded in 
ANM & AFPA at 37°C and after 120hrs incubation (Table 17), 
(Fig.9).
3.3 The Assay of Aflatoxin in rice Sc grains by HPLC Technique
3.3.1 Aflatoxin in Rice
Aflatoxin was detected in all samples of polished rice 
frcm different countries (Table 18). The lowest level of 
aflatoxin was detected in American parboiled rice. However, 
the highest level of aflatoxin was detected in Indian rice 
followed by Egyptian rice.
Pakistani rice had a variable concentration of aflatoxin,
Jthe produce of season 84 was shown to have a higher aflatoxin 
level than that which was collected in season “*85.
Rice was not only invaded by flavus but also by other 
organisms such as Penicillium spp. However, A^ _ flavus 
represents the major constitutuent of the microflora of rice.
Co
nc
en
tra
tio
n 
of 
af
la
to
xin
 
in 
ng
/m
l.
8 9
F i  g 9 :  Aflatoxin Product ion  On ANM & AFPA media at 
two incubat ion tem peratu re  30 & 37°C.
4 8 h 120 h 16 8 h
Incubat ion time in hours
(A) Anwar medium.
(B )  AFPA.
□  37°C
30°C
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Table 16 The growth of A. flavus on M M  & AFPA
at different temperatures, 30 & 37°C
Time
Hr
ANM
30c°
AFPA
30c°
ANM
37c°
AFPA
37c°
48 30mm 33mm 35mm 32mm
Light green Light green green green
72 32mm 36mm 37mm 32mm
Light green Light green green green
96 34mm 37mm 40mm 34mm
White green Green Dark green White
green
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Table 17 Aflatoxin Production on ANM & AFPA
media at two incubation temperatures 30 & 37°C
A N M
Incubation
Time
Aflatoxin Cone in 
ng/g at 30°C
Aflatoxin Cone in 
ng/g at 37°C
48h 0 0.53
120h 0.53 1.06
168h 0.5 1.0
A F P A
48h 0 0.5
120h 0.35 1.0
168h 0.5 1.0
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Table 18 The analysis of AFBq in rice using HPLC technique
Type of Rice No. of Average S.D
____________________________________samples n g / g _______
1- Rice (Pakistani 1984 season 6 2.33 0.33
2- Rice ( 1985 season 6 2.0 0.32
3- Rice ( Zayed Port Storage 5 1 0.24
4 - Rice ( Mussafah Storage 5 0.92 0.16
5 Rice ( Moisture content 8% 5 0.90 0.15
6 Rice ( Moisture content 8.3% 3 0.93 0.14
7 Rice ( Moisture content 7.4% 6 2.89 0.17
8 Rice (American) Parboiled 4 0.93 0.22
9 Rice (Egyptian) 3 2.61 0.21
10 Rice (Indian) 3 3.06 0.38
A. ochracus was found on parboiled rice interacting 
(competitive interaction) with A. flavus.
In Pakistanian rice the predominant organismses are 
A. flavus, A. parasiticus & A. niger. The level of AFBp in 
Pakistani rice with 7% moisture content was higher than that 
at 8% and 8.3% moisture content.
A. flavus appeared to dominate on the Egyptian and 
Indian rice.
Aflatoxin in Grains
The grain which is exposed to adverse climatic conditions 
favour the growth of moulds. Grains are reported to contain 
high level of carbohydrate Which are readily utilised by 
A. flavus. Such commodities as wheat, com and sorghum have 
already been shown to support aflatoxin production. Sorghum 
was observed containing high levels of aflatoxin (Table 19). 
Semolina powder (wheat grains left after producing flour) Which 
is used extensively in UAE was found to have a lower level of 
aflatoxin than the other grains.
Aflatoxin in Nut.
Aflatoxin in Peanut and Peanut Butter
Different samples of peanuts were found to contain AFBp
ranging frcm 34-42 ppb. However, peanut butter has shown the 
lowest level of aflatoxin (Table 20).
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Table 19 The analysis of AFBq in Processed grains by HPLC technique
Type of Grains
Anjeira bread (Ethiopian) 
made of sorghum
Anjeira bread (Ethiopian) 
made of surghum
Anjeira bread (dried)
Kissra bread (Sudanese) 
made of Sorghum
Semolina powder (Greek) 
made of wheat
6 . Bread (Sudanese) 
made of corn
No. of samples 
2
Average ng/g 
8.28
6.47
6.41
7.25
5.80
7.85
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Peanut samples which were collected frcm a local market 
were found to contain higher levels of aflatoxin than those 
collected frcm a supermarket. The resistance of the peanut 
was found to be related to the type of shell. Rough shell 
peanut has shown more resistance to A^ _ flavus invasion than 
smooth shell (Table 2 0).
CL
3.4.2 Af2/toxin in Tree Nutsf
Aflatoxin has been found occasionally in almonds, walnut 
and pistachio nuts. Shelled almond has an average 72.6 ng/g 
AFBq (Table 20). Two samples of roasted Iranian almond were 
found to contain only 25.5 ppb AFBq.
Pistachio nuts are grown commercially in Turkey, Iran, 
Syria and Afghanistan. Immature seeds are apparently good 
substrate for aflatoxin accumulation, and Syrian immature 
pistachio nuts have been found to be invaded by A^ _ flavus and 
P. aurantiogriseum (Fig. 10). Syrian pistachio nuts have shown 
higher levels of AFBq than Iranian pistachio nuts (Table 20).
Shelled Pakistani walnuts are more vulnerable to the 
invasion of A. flavus than those with shell. Four samples of 
Hazelnuts were found to contain an average of AFBq equal to 
that found in almond and pistachio. However, samples which 
were inported frcm Lebanon and which had been treated with a 
high level of irradiation (2000 Bq/Kg) were found to have only
17.5 ng/g AFBq (Table 20).
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Table 10: Contamination of Syrian pistochionuts with A. flavus &
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1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16 
16
T a b l e 20 T h e  a n a l y s i s  o f  AFBq i n  N u ts  b y  HPLC t e c h n i q u e
Type of Grains 
Peanut butter (Sudanese)
Peanut shelled (Sudanese) 
frcm Supermarket
Peanut shelled (Sudanese) 
frcm local market
Peanut Smooth shell (Sudanese) 
local market
Peanut rough shell (Sudanese) 
local market
Almond (American)
Almond roasted (Iranian)
Cashewnut
Pistachio (Syrian)
Pistachio (Iranian
Walnut (Pakistanian)
(with shell)
Walnut Shelled
Hazelnut
Hazelnut (Radiated 
Chestnut (Turkish)
Pipenut (Pakistanian)
Coconut powder
No. of samples 
3
3
3
Average ng/g
29.96
34.94 
39.91
42.67
36.97
72.6
25.47 
67.34 
74.52 
33.79
22.94
61.0
73.84
17.47
25.0
25.0
26.67
9 8
Chestnut is a notorious nut. The analysed samples showed 
an average of 25j i g/g of AFBq with presumptive TLC technique 
and more than 50 ng/g with Velasco technique. However, when 
using confirmatory TLC (hemiacetal) a very tiny small spot of 
fluorescent AFBq was found, When the HPLC technique was 
employed 25 ng/g AFBi was recovered. The high levels shown by 
the presumptive assay are Vk>w known to be due to the presence 
of natural products of the chestnut which fluoresce in the 
same way as aflatoxin. Similar findings were observed in pine 
nut Which is used as seasoning for food.
Inported coconut powder was found having about 27 ng/g
AFBi.
3.5 The analysis of Aflatoxin Mi in mother milk
3.5.1 TLC Technique
Eighteen of the 64 human breast milk samples were found
to contain AEMi with a mean of 0.99 and a range of 0.34 - 1.85
ng/ml (Table 21). However, Wien 2 - dimensions confirmatory 
technique was employed, only 10 of 64 breast milk samples 
were recorded containing ABMi with a mean of 0.77 and a range 
of 0.3 - 1.3 ng/ml.
Milk Which had higher fat content e.g. 4.95% and 3.14% 
resulted in high aflatoxin levels of 1.3, 0.9 respectively. 
However, an inverse correlation was observed between protein 
and aflatoxin level.
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T a b l e  2 1  T h e  a n a l y s i s  o f  AFMq i n  m o t h e r  m i l k  u s i n g  TLC p r e s u m p t i v e
and confirmatory tests
No. of 
Positive
Nationality Ages
'-j
Protein
%
Fat
%
A \ I 0 X. 1
Presumptive
ng/ml
1 Abudhabi 28 1.80 3.0 0.4
2 I 31 1.66 2.53 0.9
3 I 24 1.25 1.54 1.0
4 Algerian — 1.68 1.54 1.1
5 Egyptian 32 1.54 2.43 1
6 I 23 1.11 3.14 1.2
7 It ^ 22 1.2 2.0 0.99
8 H 25 -- -- 1.4
9 Indian \ 19 1.5 1.2 0.45
10 1 \ 17 2.0 1.6 0.5
11 I — 1.43 1.13 0.95
12 Iraqi 38 1.18 1.68 1.3
13 Jordanian 32 2.81 1.2 0.34
14 It 21 2.55 0.5 0.83
15 Moritanian 30 1.16 2.0 1.1
16 Qnani 21 0.97 4.95 1.85
17 Pakistani 22 1.17 0.87 1.25
18 Palestinian 24 2.52 0.83 1.2
Confirmatory
ng/ml
0
0.5
0 .8
0 .8
0.4
0.9
0.3
0
0
0
0
0.9
0
0
0.9
1.3
0
0 . 9 3
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Nine sanples of human breast milk, which were found to 
contain AFMq when confirmed by TLC method, were extracted 
according to the procedure described in 2.4.1 in chapter 2, 
and determined by the Velasco technique. The results suggested 
that the samples contained high levels of aflatoxin (Table 22).
The average of AFMq in the samples determined by this 
method was 5.2 ng/ml, the highest level of AFMq was 11.5 ng/ml, 
and the lowest AFMq level wras 1.7 ng/ml.
3 . 5 . 2  V e l a s c o  T e c h n i q u e
3.5.3 HPLC Technique
Fifteen samples of mother breast milk found to contain 
AEMq with a mean 18 pg/ml and with the range 7-23 pg/ml.
The highest level of AFMq was found in the Egyptian 
breast milk 23 pg/ml followed by Jordanian 19 pg/ml and 
Lebanese 18 pg/ml.
The lowest level 7 pg/ml of AFMq was recorded in milk 
from Abu Dhabi national (Table 23).
3.5.4 Total Viable Microbial Count
The results have shown that mother milk which was 
collected frcm different donors was devoid of any microbiol 
contamination. The pH of the milk ranged frcm 6.0 to 6.5.
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Samples code Nationality Results
__________    ng/ml
2 Abu Dhabi 2.2
3 " 5.5
4 Algerian 8
5 Egyptian 2.8
6 Egyptian 2.8
11 Indian 1.7
12 Iraqi 5.5
16 Omani an 11.5
17 Pakistanian 7.0
T a b l e  2 2  T h e  a n a l y s i s  o f  AIM q i n  m o t h e r  m i l k  u s i n g  V e l a s c o  m e th o d
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T a b l e  23  T h e  a n a l y s i s  o f  AEMi i n  m o t h e r  m i l k  u s i n g  HPLC t e c h n i c s
Samples code Nationality Ages Results
ng/ml
1 Abu Dhabi 22 0.007
2 I 22 0.012
3 1 - 0.015
4 IV - 0.021
5 Egyptian - 0.019
6 I - 0.017
7 tl - 0.023
8 I - 0.023
9 Jordanian - 0.017
10 It - 0.022
11 I - 0.019
12 Lebananese 23 0.018
13 Unidentified Nationality - 0.007
14 I I - 0.016
15 I l - 0.012
1 0 3
3.6.1 TLC Technique
Eight of the 20 samples of camel milk collected frcm 
different sources in the Abu Dhabi area were found to contain 
ABMq with a mean of 1.8 ng/ml. The highest level of 3.3 ng/ml 
was recorded in camel milk collected frcm Binyass area where 
most of the camels are fed indoors. However, in Suaihan area 
where most of the camels depend cn natural grazing, there was 
no aflatoxin detected in milk (Table 24).
The confirmation technique of the presumptive positives 
in 6 of the 8 samples revealed that the level of contamination 
with aflatoxin was lower and the positive samples were less by 
25% (Table 24).
3.6.2 Velasco Technique
Five of the 8 samples of camel milk which were tested 
for AFMq by TIC technique was found to contain AFMq with a 
mean of 3.17 ng/ml and the range of 0.5 - 6.6 ng/ml, (Table.25).
3.6.3 HPLC Technique
Seventeen samples of camel milk were analysed for AFMi. 
The result (Table 26) shows that aflatoxin was detected in all 
samples. This demonstrates the sensitivity of the technique.
3 . 6  T h e  A n a l y s i s  o f  A f l a t o x i n  i n  C a m e l M i l k
1 0 4
and confirmatory tests
Sanples code Presumptive Confirmatory
__________  ng/ml ng/ml
1 2 .8  0 .8
2 1 .2  0 .6
3 0 0
4 1.4 0.5
5 0 0
6 1.0 0.3
7 0.7 0.25
8 1 .0  0
9 3.3 0.3
10 3.0 0
11 0 40% 0 30%
12 0 0
13 0 0
14 0 0
15 0 0
16 0 0
17 0 0
18 0 0
19 0 0
20 0 0
T a b l e  2 4  T h e  a n a l y s i s  o f  AFMq i n  c a m e l  m i l k  b y  TLiC p r e s u m p t i v e
1 0 5
T a b l e  2 5  T h e  a n a l y s i s  o f  AFMp i n  c a m e l  m i l k  u s i n g  V e l a s c o  m e th o d
Samples code Results
ng/ml
9 6.6
10 5.5
11 0
12 0
13 1.65
14 1.6
15 0
16 0.5
1 0 6
T a b l e  2 6  T h e  a n a l y s i s  o f  AEMq i n  c a m e l  m i l k  u s i n g  HPLC m e th o d
Sanples code Results
___________________  ng/ml
1 a Raw 0.035
b Pasteurised (63°C) 0.043
2 0.030
3 0.036
4 Pasturised (63°C) 0.036
5 I 0.035
6 I 0.023
7 1 0.04
8 Raw 0.02
9 1 0.06
10 I 0.028
11 Pasturised (63°C) 0.033
12 Raw 0.034
13 I 0.02
14 I 0.018
15 I 0.034
16 I 0.035
17 I 0.027
1 0 7
The highest recorded level was 60 pg/ml and the lowest 
detected level was 18pg/ml.
3.6.4 Total Viable Count
Plates showing 30-300 colonies were selected for 
calculation. The mean viable count in camel milk ranged from 
2.5x102 - 3.9x10^ cfu/ml (Arithmetic mean) staphylococci, 
diplococci, streptococci, Mesophilic spore former & Pseudomonas 
spp were the predominant organisms in camel milk. The 
pH range was 6.4 - 6.7
3.7 Aflatoxin in Cows Milk
3.7.1 TLC Technique
Seven of the 11 samples of cows milk frcm different areas 
of UAE were found to contain ABMi with a mean of O.fl. and a 
range of 0.6-1.3 ng/ml as determined by presumptive TIC. 
ABM]_ was confirmed in 85% of positive samples in the presumptive 
test with a mean of 0.2 and a range 0.3-0.7 ng/ml.
Al Ain Raw milk was found to contain the highest level 
of AEMq However, the level of AFM]_ in Al Ain Pasteurised 
milk was low (1.1 ng/ml). The results in (Table 27) show that 
fresh pasteurised milk exhibits higher levels of AEMq than 
reconstituted pasteurised milk. AFMq was not detected in long 
life UHT milk. However, a level of 0.3 ng/ml of AFMi was 
recorded in Al Buheira long life milk.
1 0 8
T a b l e  2 7  T lie  a n a l y s i s  o f  AFMq i n  c o w s  m i l k  u s i n g  TLC p r e s u m p t i v e
Samples code 
& Brand
and confirmatory technique
Presumptive Results Confirmatory Results
1 Al Ain cow milk raw fresh 1.3 0.7
2 Milco Reconstituted 0.85 0.4
3 Unikai " 0 0
4 Daily Fresh UHT 0 0
5 Long life UHT 0 0
6 Pirvate cow milk raw 0.6 0
7 Marmum pasteurised fresh 0.9 60% 0.4 50%
8 Marai " " 0.8 0.39
9 Dawn 0 0
13 Al Ain cow milk pasteurised 
fresh
1.1 0.55
14 Al Buheira UHT 0.9 0.3
1 0 9
3.7.2 Velasco Technique
Eleven of 15 sanples of cows milk from different places 
of UAE were found to contain AEMq with a mean of 1.4 and 
a range 0.5-5.0 ng/ml.
The highest levels of aflatoxin was in Al Buheira UHT milk 
which is produced in the Emirate of Sharjah followed by Lacnor 
UHT milk which ccmes frcm the same factory.
Fresh pasteurised milk of Falij-Almuala contained a high 
concentration of AEMq (2.7 ng/ml). Other brands of fresh 
pasteurised milk were found to have low levels and were within 
the permissible international limits.
Sanples of pasteurised reconstituted milk have shown no 
detectable levels of aflatoxin (Table 28).
3.7.3 HPLC Technique
Twelve different sanples of cows milk were found to have 
AEMq with a mean of 39.8 and a range of 24-79 pg/ml. The 
highest levels of AFMq was recorded in Dawn Fresh pasteurised 
milk (79 pg/ml) followed by Digdaga pasteurised full fat fresh 
(Slpg/ml), Al Marai pasteurised full fat fresh (46 pg/ml) and 
Falij Almuala (45pg/ml)f (Table 29).
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T a b l e  2 8  T h e  a n a l y s i s  o f  AfM q i n  c o w s  m i l k  u s i n g  V e l a s c o  t e c h n i q u e
Samples code Results
________________________________  ng/ml
1 Falij-Almuala pasteurised fresh 2.7
2 Milco reconstituted 0
3 Unikai " 0.5
4 Daily fresh UHT 1.6
5 Long life UHT 1.6
6 Lactovita UHT 0
7 Marmum pasteurised fresh 
Full fat
0.5
8 Marai pasteurised fresh 
Low fat
0.5
9 Dawn pasteurised fresh 0.5
10 Lacnor UHT 
High fat
2.8
11 Lacnor UHT 0
12 Marai pasteurised fresh 0
13 Al Ain " 0.5
14 Al Biiheira UHT 5
15 Digdaga pasteurised fresh 0.5
I l l
T a b l e  2 9  T h e  a n a l y s i s  o f  AFMq i n  c o w s  m i l k  u s i n g  HPLC t e c h n i q u e
Samples code Results
_____________________________  ng/ml
1 Falij-Almuala 0.045
2 Milco 0.04
3 Unikai 0.03
4 Marmum 0.03
5 Marai 0.046
6 Dawn 0.079
7 Marai 0.024
8 Al Ain 0.026
9 Digdaga 0.051
10 Gulf & Safa 0.028
11 Milco 0.043
12 Al Buheira 0.035
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reconstituted milk of Milco, Unilcai and Gulf & Safa.
The low-fat pasteurised fresh milk produced by Almarai 
dairy fam was found to have the lowest aflatoxin (24pg/ml). 
(Table 29).
3.7.4 Total Viable Count
The total viable bacterial count in Al Ain cows 
pasteurised milk was 20 cfu/ml while in Milco's pasteurised 
reconstituted milk was 2x10^ (Arithmetic mean).
The pH of cows milk was 6.2-6.6.
3.8 Comparative Assessment between Results of TLC, Velasco and HPLC
3.8.1 Mother Milk
With reference to Tables 21, 22 & 23, the HPLC technique is 
more sensitive to detect the lowest limit of AF.TLC ccmes next 
While Velasco technique seems to be more quantititative 
because it determines the total aflatoxins in the samples. 
Results in (Table 30) indicate that the confirmation technique 
of the TLC is more accurrate than the presumptive methods.
It is quite clear that, approximately 50% of the positive 
samples in the TIC presumptive procedure were found free of 
aflatoxin when checked by confirmatory method.
T h e  l o w e s t  l e v e l s  o f  ABMq w e r e  f o u n d  i n  p a s t e u r i s e d
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T a b l e  3 0  T h e  a n a l y s i s  o f  AFMq i n  m o t h e r  m i l k  u s i n g  t h r e e
different methods
T I
Presumptive
C
Confirmatory
Velasco H P L C
No. of sairples 64* 64* 9** i  -•kick15
Mean ng/ml 
all samples 
+ Ve samples
0.28
0.99
0.12
0.77
5.2 0.018
Standard deviation 
all samples ng/ml 
+ Ve samples
0.48
0.37
0.3
0.28
3.05 0.00415
Range ng/ml 0.34 - 1.85 0.3 - 1.3 1.7 - 11.5 0.007 -0.023
% of positive 28% 15.6% 100% 100%
Dates June 1986 June 1986 June 1986 June 1987
Sensitivity of 
method (ppb)
0.1 0.1 1 ppb 0.01 ppb
* Samples collected on June 1986 frcm 64 different donors.
** » I I I " frcm 9 I 1
*** » 1 It I 1987 frcm 15 tl It
1 1 4
The results obtained by Velasco technique are always 
higher than other techniques. This indicates that confirmation 
of such results is a pre-requisite. The sensitivity of the 
HPLC is 0.01 ppb. S.D in TLC technique is relatively low compared 
with Velasco. However, HPLC gave highest reproducibility (S.D-
0.0041).
3.8.2 Camel Milk
Table 24, 25 & 26 show the results of the three types of 
techniques employed for the assay of aflatoxin in camel milk.
The HPLC is more accurate for the detection of lower limits of 
AFMq, TLC technique ccmes in the next rank followed by Velasco.
All samples checked by HPLC have shown presence of 
aflatoxin (100% recovery), (Table 31). TLC confirmatory procedure 
for AEMq have shown 30% positive^ of the total contaminated 
samples. However, the Velasco technique has shown 62.5%
positives of the total contaminated sanples. HPLC has shown the 
highest reproducibility (S.D 0.009), followed by TLC (S.D-0.19). 
However, Velasco give very low reproducibility (S.D-2.41).
3.8.3 Cows Milk
Table 27, 28 & 29, show the results of the three
technique (HPLC, TLC and Velasco) which were employed for the 
detection of AEM in different sanples of cows milk.
HPLC has detected the lowest level of AFMq in cows milk 
followed by TLC confirmatory with the recovery of 54%, Velasco 
shown 73% positives of the total contaminated sanples, (Table 32).
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T a b l e  3 1  T h e  a n a l y s i s  o f  AFMq i n  c a m e l  m i l k  u s i n g  t h r e e
different methods
TLC Velasco HPLC
Presumptive Confirmatory
No. of samples 20* 20* 12**
Mean ng/ml 
all samples 
+ VC samples
0.72
1.80
0.14
0.46
1.98
3.17 0.033
Standard deviation 
all samples ng/ml 
+ VC sairples
1.0
0.98
0.23
0.196
2.44
2.42
0.0095
Range ng/ml 3.3 0.25 - 0.8 0.5 - 6.6 0.018 - 0.06(
% of positive 40% 30% 62.5% 100%
Dates of sairples March 1986 March 1986 July 1986 June 1987
Sensitivity of 
method (ppb) 0.1 0.1 1 0.001
* Samples collected c n March 1986 frcm Bini Yass Area
** " " July 1986 from Sauihan Area
* * * " " " June 1987 frcm different areas
1 1 6
T a b l e  3 2  T h e  a n a l y s i s  o f  AFMq i n  co w s  m i l k  u s i n g  t h r e e
different methods
TLC
Presumptive Confirmatory
Velasco HPLC
No. of samples 10* 10* 15** 12***
Mean ng/ml
all samples 0.58 0.25 1.1 0.0398
+ Ve samples 0.92 0.46 1.51
Standard deviation
all samples ng/ml 0.47 0.24 1.37 0.0145
+ Ve samples 0.2 0.13 1.39
Range ng/ml 0.6 — 1.1 0.3 - 0.7 0.5 - 5.0 0.024 - 0.07<
% of positive 63% 54% 73% 100%
Dates of samples March 1986 March 1987 Sept 1986 June 1987 *
Sensitivity of 
method (ppb) 0.1 0.1 1 0.001
* Samples obtained frcm different farms & dairy cows on March 1987
** " " " " " " " cti Sept. 1986
*** " " " " " " " cn June 1987
1 1 7
The low standard deviation confirms the reproducibility 
and sensitivity of the HPLC technique, (S.D-0.014) followed 
by TLC confirmatory technique (S.D-0.08) and Velasco which 
gave the lower reproducibility (S.D-1.39).
3.9 A Comparative Study Between Results Derived frcm TLC,
Velasco and HPLC Techniques
The highest levels of AEMq in three naturally contaminated 
camel milk sairples recorded was 1.1, 0.67 and 2.5ng/ml when 
determined by HPLC technique and employing the extraction method 
of Chang & Devries (1982), TLC quantitative and the confirmation 
techniques and Velasco minicolumn technique respectively, 
(Table 33).
HPLC has shown the highest reproducibility (S.D 0.14) 
followed by the TLC confirmatory method (S.D 0.17). However, 
Velasco has shown relatively poor reproducibility (S.D 1.0).
It is quite clear that sairples of milk containing AFMq 
levels below 0.04 were neither detected by TLC nor by velasco 
minicolumn methods. Velasco & TLC technique came in the same rank 
in the per cent of positively detected sairples. The recovery of 
the spiked aflatoxin was approximately when employing HPLC 
extraction technique. The recovery of the spiked aflatoxin was 
approximately$§ > % when employing the Velasco extraction technique. 
The recovery of the spiked aflatoxin was approximately § 2  % 
when enploying the TLC confirmatory (2 dimension) technique.
1 1 8
AEMq in naturally and artificially contaminated camel milk
T a b l e  3 3  C o m p a r a t i v e  a s s a y  r e s u l t s  b e t w e e n  TLC, HPLC a n d  V e l a s c o  f o r
Sanples * HPLC Results 
ng/ml
Velasco Results 
ng/ml
TLC Results 
ng/ml
Natural 1.1 2.5 0.67
Artificially
contaminated
1.58 3.2 1.14
Natural 0.50 0 0.29
Artificially
contaminated
0.97 0.55 0.76
Natural 0.77 0.41 0.34
Artificially
contaminated
1.20 0.82 0.95
S.D. for the HPLC results was 0.14 
S.D. for Velasco results was 1.00 
S.D. for TLC results was 0.17
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4. D I S C U S S I O N
1 1 9
The present study comprises seven areas of experimentation 
namely; the development of a new medium for growth and production 
of aflatoxin by A. flavus and A. parasiticus; comparison between 
the new medium and AFPA medium; survey on nuts and grains in UAE 
markets; aflatoxin in cow* s milk; aflatoxin in human milk; and 
aflatoxin in camel milk. A comparative study between the different 
techniques employed for the assay of aflatoxin was also incorporated 
in this work.
It is evident that UAE has no aflatoxin quality control 
measures for local or imported products. This could be attributed 
to the unavailability of regulations governing this contaminant. 
Hence, the prime objective of the present study is to provide 
techniques and data to encourage local authorities to speed up in 
drafting regulations comprising standard limits for aflatoxin in 
foodstuffs, and highlight such an important subject to dietitions 
to re-evaluate the present diet in order to reduce risks of 
aflatoxicosis in this society.
Camel milk is included in this study due to its prcminant 
norole in this conjunity, camel milk is not for sale according to our 
tradition. However, in the event of commercial production, which 
is quite likely, camel milk has be supported by local regulations 
limiting the presence of aflatoxin in order to maintain the good 
quality of this unique animal and its products.
4 .  D i s c u s s i o n
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The comparative study Which was conducted on the four types 
of media ANM, CDA, MA & CMA, have shown that ANM excells other 
types of media in growth and aflatoxin production at elevated 
temperature (37°C) similar to those prevailing in the tropical
regions.
Rice has been reported by Hesseltine et al. (1966) and Shot- 
well et al. (1966) as an excellent substrate for aflatoxin 
producing organisms. This could be attributed to the fact that 
rice has a high carbohydrate content and is rich in minerals
especially zinc, manganese, iron, copper and boron which are known 
to enhance A^ _ flavus growth and aflatoxin synthesis, as Lillehoj
et al. (1974) have reported.
Incubation at 37°C has been performed all through this 
study because this is the ambient temperature prevailing for much 
of idie time in this region and also most of the handling processes 
of foodstuff is practiced under similar conditions.
The results reveal that there were two stages of enhancement 
for aflatoxin production. The first stage appears after 48hrs 
incubation at 37°C, and the second stage appears after 120hrs 
incubation at 37°C. The amount of aflatoxin Bq which is produced 
at the two stages is almost the same.
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The occurrence of these two phases could be attributed to 
the fact that A. flavus utilizes first the available simple suger 
(glucose) which is added to this medium, the increase in the amount 
of aflatoxin in the second phase could be attributed to complete 
hydrolysis of starch to simple sugars, readily available for the 
organism, due to enzymatic activity. Secondary metabolites such 
as aflatoxin increase because the conversion of starch takes place 
and the presence of zinc which stimulates the activity of glucose- 
6-phosphate dehydrogenase resulting in higher amount of precursor 
for aflatoxin biosynthesis. Zinc promotes the accumulation of 
high levels of AMP vhich increases during the stationary phases as 
Gupta et al. (1976), have shown, and the second stage of aflatoxin 
production occurs during an extended second stationary phase.
The medium is also suitable for the growth and enumeration of 
other Aspergillus spp and some species of Penicillium.
It is clear that Anwar medium is a simple one to prepare, 
less expensive than commercial media and within the reach of any 
laboratory designated for aflatoxin monitoring. However, in case 
of heavily contaminated samples the author would recommend the 
the addition of a bacteriocide to inhibit the growth of bacteria.
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The comparison conducted between ANM and AFPA of Pitt et al. 
(1983) revealed no significant difference between these two media 
in growth and aflatoxin production. However, ANM exhibits no 
distinct growth limitation of flavus, even after 7 days incuba­
tion. This could be attributed to rich basal substrate and 
absence of bacteriocide which is present in AFPA. Pitt et al. 
(1983) recommend 30°C as an incubation temperature for AFPA. 
However, the present study has shown that for higher aflatoxin 
levels the incubation temperature of 37 °C need to be maintained 
and for higher growth the author agrees with Pitt et al, that 30°C 
is an optimum temperature. Being a natural medium, ANM supports 
higher growth and aflatoxin production at 37 °C which is in 
agreement with Diener & Davis (1966), who reported that A. flavus 
has a higher maximal temperature for aflatoxin production on 
natural media than on synthetic media.
Rice sairples collected frcm different sources were found 
containing lower levels of AFBq ranged frcm 0.90 to 3.06 ng/g, 
which is lower than the maximum permissible limit (5 ng/g) 
reccnmended by other counties. However, according to Swiss 
regulation which allows maximum permissible level of AFBq of 2ng/g, 
there are appreciable quantities of rice in our local market 
showing limits higher than 2 ng/g.
1 2 3
The results have revealed the aflatoxin contamination of 
all samples of rice tested. Parboiled rice has the lowest level 
of aflatoxin (i.e. o.9 ng/g). Optimum humidity level is an 
important factor governing maximum aflatoxin production. The
present study has shown that rice has a moisture content of 7.4%
exhibited 2.89 ng/g aflatoxin while those have a moisture contents 
of 8.8% and 8.3% resulted in 0.9 ng/g aflatoxin. The same 
observation could be valid for other brand of rice. Pice exhibit 
lower aflatoxin level, this finding support the view of Sdhroeder 
& Boiler (1973) who reported that aflatoxin contamination has not 
been shown to be a serious problem in rice in United State. In 
Japan Kurata et al. (1968) did not find aflatoxin in a survey of 
Japanese rice.
Rice, which is the main staple diet imported in large 
quantities frcm different countries, Thailand, Pakistan, India, 
USA and China, is subsidised by the government, and each family
gets a 50kg sack per week. These large quantities of rice are
likely to be spoiled by aflatoxin contamination under the present 
poor storage conditions and absence of local regulations. It is 
a general concept of most of the UAE citizens that "old rice 
tastes better", irrespective of its nutritional quality.
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Cereals other than rice which were assayed for aflatoxin
contamination were sorghum bread, com bread and wheat flour
(semolina). Sorghum and corn exhibited the highest aflatoxin
level (i.e. 8 ng/g) while semolina exhibited 5.8 ng/g aflatoxin Bp. 
Both figures are higher than the standard recommended by seme 
countries such as Belgium, Germany, Finland, Hungary, Luxembourg,
\  iNetherlands, Norway, Poland, Sweden, Switzerland and Russia. These 
high aflatoxin figures obtained frcm sorghum samples could be 
explained by the fact that the methods of harvest, and procedures of 
handling and storage practiced by sorghum growers in the country of 
origin, create favourable conditions for the growth of Aspergillus 
spp and subsequent aflatoxin production. UAE practices re-expor­
tation policy of some foodstuff including rice and wheat flour to 
some countries. Hence products showing AFBp a-{- -£he higher level
(8 ng/g) might get no access to many countries adapting 5 ng/g as 
the maximum permissible level.
Kisra and Anjeira are the staple bread for numbers of 
nationalities living in UAE namely Sudanese, Ethiopians, somalians, 
Yemenis and Indians. The consumption rate is about 200g/person/ 
day, which is considerably higher than the consumption of wheat 
which is about 150 g/person/day.
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Kisra and An j era are made frcm 18hr old fermented sorghum
dough. The fermentation is natural and the starter for both is
material left over frcm a previous naturally fermented dough. 
The starter might continue in the fermenter for a long period and 
hence it is quite likely to be contaminated with A^ flavus which 
can tolerate the acidic condition and produce aflatoxin.
Nuts are more susceptable to infection and contamination
with aflatoxin. The average total aflatoxin level in contaminated
peanut is 37.4 & 39.8 ng/g for shelled and unshelled respectively,
this indicahts that the contamination of peanut in shell is slightly
greater than that in kernel. However, peanut butter has a lower
aflatoxin contamination (29.96 ng/g), this could be due to the
usual methods of processing groundnut to make peanut butter.
This level of aflatoxin is higher than the maximum permissible
level implemented by most countries e.g. Australia, Denmark,
/
Germany, Hong Kong, Japan, Luxembourg, Netherlands, Norway, 
Switzerland and Yugoslavia.
The incidence of aflatoxin contamination of samples of 
almond, cashewnut, hazelnut, walnut and pistachio in UAE have 
shown average level of 72.6, 69.43, 73.87, 61.0 and 74.50 ng/g 
respectively. However, Iranian pistachio has shown 37.8ng. This 
finding agrees with that of Dickens Sc Welty (1975) who reported 
relatively low levels of AF contamination in Iranian pistachio.
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These commodities are a potential hazard for humans 
especially when they are consumed in appreciable quantities. 
Roasted nuts have shown a significant degree of aflatoxin 
contamination. This demonstrates that roasting does not completely 
reduce the amounts of aflatoxin. This agrees with Waltking (1971) 
who conclude that 50% of aflatoxin was removed by roasting.
Walnut with shell was found to contain an average of only 22.9ng/g 
AFBq which could be due to the fact that the pericarp which 
surrounds the fruit is difficult to invade by flavus during 
harvest or storage.
Pine nut & coconut have shown aflatoxin Bq of 26ng/g.
Nuts play a major role in the diet of UAE citizens. They 
are consumed in different forms, i.e. mixed with rice, ground with 
meat, roasted, in pastries and cake fillings etc. The consumption 
per capita is high and the local government practices no definite 
regulations. Storage and handing processes are not well monitored 
For these reasons one has to admit the importance of nuts in this 
society and has to think of measures to monitor their quality, 
especially the contamination with aflatoxin.
In the present study AFMq was found in human milk at levels 
ranged frcm 7 to 23 pg/ml in women of different nationalities 
living in the UAE. This finding is in agreement with Coulter 
et al. (1984) who reported that in human breast milk AFMq was 
detected at a level of 13-84pg/ml, which indicates that the human 
body is capable of metabolizing AFBq which is converted into AEMq#
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Among donors who have higher aflatoxin levels are those who consume 
high quantities of nuts, sorghum bread and rice. It is quite clear 
that European mothers checked in this study have had no APMi in 
their milk. Mother milk which has shown higher fat content has 
revealed elevated AEMq. However, the present study indicated that 
there is no direct correlation between protein and ABMq but 
there is a linear correlation between fat content and aflatoxin.
Thus, mothers who have high fat content (4.95%) in their 
breast milk showed higher aflatoxin levels (1.3 ng/ml), while 
mothers who have low fat content (1.2%) showed no aflatoxin
It is clear that mothers in this part of the world face 
a dual problem; their cwn health is at risk frcm the consumption 
of aflatoxin in their diet and the health of their children is at 
risk frcm aflatoxin in their milk. The present study is the only 
one conducted in this part of the world till now on this subject 
and herein lies the importance of these findings. It is not 
acceptable in a country which has the highest income per capita/ 
annum (C. 20,000$), practices a free trade policy, having a 
consumption rate of 3 kg/head/day and practices no local 
regulation on products such as cereals, nuts and imported and 
locally produced milk, to find high levels of aflatoxin in human 
breast milk. These findings have to be seriously considered by 
nutritionists and food oontol institutions of the UAE and a 
comprehensive survey has to be conducted to provide enough data to 
act as a base for any future regulations needed to safeguard 
against the incidence of human aflatoxicosis.
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According to UAE health authority (1985) the Neo-natal 
mortality rate was 8.82%, while the Peri natal mortality rate was 
16.3%. The infant mortality rate 12.11%, (Table 34).
At present the author recommends aflatoxin free diets to 
be advised by nutritionists at nutrition centres and Maternity and 
child clinics for pregnant mothers. This requires an intensive 
campaign on the bases of proper nutrition and highlighting the 
danger of aflatoxin in our diets.
Camel milk, which is very popular in the Arab peninsulas 
was not previously known to have any incidence of aflatoxin 
contamination. However, the present study could be the first of 
its type to report the presence of AEMq in camels' milk. This 
means that even the milk of this animal which was reported by 
Barbour et al. (1984) to have a longer shelf life, is subject to 
aflatoxin contamination. The present finding showed that camels 
which graze outdoors gave milk free of aflatoxin compared to 
those grazing indoors.
The level of aflatoxin reported in the present study ranged 
from 18 to 60 pg/ml when employing the HPLC technique, although 
the fat content of camel's milk is high (i.e. 4.5%). The low 
levels of aflatoxin in camel’s milk could be attributed to nature 
of the animal and its particular metabolism.
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present naturally might have an effect on the quality of camel' s 
milk. The indoor keeping of this animals as a sign of urbanisa­
tion is bringing more problems to this unique creature.
AEMi ranged frcm 24 to 79 pg/ml in 12 samples of different 
brands of cow's milk collected frcm different sources When analysed 
by the HPLC technique. This indicates that, according to Patterson 
et al. (1978) cows feeds may contain more than 20 mg/kg AFBi
which would be excreted in the milk as AFMi at an expected
level of 67 pg/ml. It has been proved that there is a linear
relationship between ingestion of AFBi and the concentration of 
AFMi excreted in the milk of cows. Gows milk available in UAE 
market has an average aflatoxin level exceeding the maximum 
permissible norms approved by the EEC, Wien employing the TLC 
confirmation method the level of aflatoxin contamination in the 
same samples of milk at different collection time ranged frcm
0.3 to 0.7 ng/ml. This level of aflatoxin contamination is quite 
likely to happen especially Wien feeds imported into UAE are not 
subject to aflatoxin control.
According to Brown (1982) the highest level of ABMq recorded 
was 13.3 ng/ml in cows milk in India followed by East Germany. 
USA and UK have been reported by Brown (1982) to have aflatoxin 
level of 0.7 and 0.52 ng/ml respectively.
T h e  t y p e  o f  g r a s s  o n  w h i c h  t h e  c a m e l  f e e d s  a n d  w h i c h  i s
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The results of the present study show that pasteurised fresh 
milk has the highest level of contamination with AFMq compared to 
UHT and reconstituted milk. This could be attributed to the feet 
that the feeds available for these cows harbour higher levels of 
aflatoxin Bq or that some aflatoxin may be lost during heat
treatment of UHT milk.
Most of the animal feed concentrates available in the local 
market are imported from Turkey, India, Pakistan and Thailand and 
and handling of these feeds is not controlled by the local autho­
rities. The local authorities have no local regulation for
imported feeds, the demand of these feeds is showing a ste@,dy
increase as the government is encouraging the raising of animals 
and has started subsidising the dairy farms.
Since fresh milk is gaining more ground in UAE, the author 
recommends that the local authorities must take an immediate step 
towards the implementation of aflatoxin norms in animal feeds. 
The guide line for these norms could be the EEC standards.
It is clear that the three types of techniques which have 
been employed in this study have revealed the sensitivity, 
accuracy and precision of HPLC over TLC and velasco. HPLC has
the capability to detect low limits of aflatoxin in foodstuff.
HPLC has been quite useful in detecting low levels of AFMq 
contaminating human breast milk and up to 7 pg/ml has been detected 
by this technique. However, TLC which is widely used in different 
institutions showed a low recovery but indicated the presence of 
up to 0.3 ng/ml in human breast milk by using the confirmatory TLC 
(2 dimensions) methods of Van Egmond & Stubblefield, (1981).
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Velasco as a semi-manual technique has shewn a detection 
limit of up to Ing/ml. This finding ranks the Velasco technique as 
less sensitive compared with HPLC and TLC. The accuracy of Velasco 
is questionable, because it indicated higher levels of fluorescent 
substances, including aflatoxin. Hence the final result which 
could be obtained by Velasco must not be considered as the total 
aflatoxin in the sample, especially if high levels of interference 
by other fluorescent substances is expected. However, Velasco 
technique is employed by many factories as a means to detect 
total aflatoxin in agricultural commodities.
The TLC for quantitative analysis of agricultural products 
and animal tissues is still extremely widely used as it is 
relatively sensitive and reproducible for a quantitative and 
qualitative monitoring programme for aflatoxin. The TLC technique 
is not expensive, although the running cost for the extraction 
procedure might create a drawback for the system.
Other drawbacks of the TLC method are the hazards of the 
toxic solvents, the problems of interfering lipids which fluoresce 
like aflatoxin under UV light. It is a time consuming technique 
( ^ 2h) and the incomplete derivatization of aflatoxin by trifluo- 
roacetic acid may be a problem according to Serralheiro Sc Quinta 
(1 9 8 6 ).
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The variation in the results for aflatoxin by TIC could be 
attributed partly to the above mentioned factors, to environmental 
factors prevailing in laboratories, where humidity is considered 
high and may cause deactivation of silicagel. TLC usually 
depends on visual observation although automatic 
scanning equipment is also available.
HPLC, as an advanced technique has been quite helpful to 
achieve reliable and reproducible results with an excellent 
sensitivity. HPLC saves time and gives rapid result. The only, 
drawback of the technique is the high price of the equipment.
The comparative study incorporated in this project between the 
three techniques, TLC, Velasco and HPLC for the assay of aflatoxin 
in camels milk, revealed that HPLC as a technique is more 
sensitive and far more accurate. The level of recovery of the 
spiked aflatoxin was 4*6% for HPLC and $ 5  $T&% for Velasco and TLC.V
The present finding proves that the methods employed for 
extraction of aflatoxin are less accurate and an average quantity 
of aflatoxin lost during extraction might be within 30-33% of the 
total aflatoxin.
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This fact needs to be discussed with chemists in order to reduce 
losses of aflatoxin during extraction. However, the author 
recommends a compensation value of 30-33% to the final result in 
order, to give the probajjle level of aflatoxin contamination.
The present study has proven in adition to sensitivity and 
accuracy of the equipment, of HPLC that the extraction procedure 
adopted is better than other techniques and resulted in the highest 
recovery.
The author recommends the adoption of HPLC by institutions 
seeking accuracy. TLC technique could be adopted by quality 
control laboratories which have not enough funds to purchase 
expensive equipment.
1 3 5
A P P E N D I X
Composition of mycological media
a Malt Extract Agar (Merck) (MA) 
Containing g per liter 
Malt extract 30
Peptone 3
Agar 15
b Malt Extract Broth (Oxoid CM57) 
Containing g per liter 
Malt extract 17
Peptone 3
Czapek Dox Agar (Oxoid CM97) (CDA)
Containing g per liter
Sodium nitrate 2.0
Potassium chloride 0.5
Magnesium Glycero Phosphate 0.5
Ferrous Sulphate 0.01
Potassium Sulphate 0.35
Sucrose 30.0
Agar 12.0
b Czapek Dox Liquid Medium (Oxoid CM95) same ingredient with 
the exception of agar.
Corn Meal Agar (Oxoid CM103) (CMA) containing 9 per liter 
Corn meal extract 2
Agar 15
Aspergillus flavus parasiticus Agar 
Containing g per liter 
Pepton 10.0
Yeast extract 20.0
Ferric Ammonium citrate 0.5 
Dichloran 0.002
Agar 15.0
A P P E N D I X  2
Types of Cancer in UAE between national, immigrants & children
: 1 3 6  :
Patients *
Cancer type N a t i o n a l I M M I G R A N T Children
M F M F
Head 10% 16%
Digestive system 29% 17% 14% 5%
Bladder 11% - 7.5%
Lung 10% 8%
Breast - 15% - 38%
Kidney - - - - 8%
Tonsils ; - • 14% - 40% 2%
Genital system - 16% - _ -
Uterus - - - 17% -
Blood
a- Leukemia 
b- Heiomophill©.
13% 9% 22% -
28%
9%
* No. of patients 1498 (34% local, 56% immigrants and 10% children.
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